ectronics 
ommunications 


FORME “RADIO & ELECTRICAL REVIEW” —- WIDELY KNOWN SINCE 1946 AS “R, & E.” 


PUBLISHED MONTHLY 


a IN. THE 
@ Lookin; Strain Gauges. INTERESTS OF THE N.Z. ELEC- 
Be Ree ete epecvications for’ Mesaring, tnt TRONICS INDUSTRY FOR ALL 
eae Hada LEVELS, FROM PROFESSIONAL TO 
is A simple method of measuring the attenuation AMATEUR, 
Eo eS Shera ba A ceiacas ak Bicaonicr eae WOUUNEE (21 NUMBER 4 ? | é& 
hg avamnion Vee (or G2 ne: IMINE 1, 1966 PRICE 
¢ 
ii ELECTRONICS CONFERENCE 


Lift out Programme Inside 


AWA 

AUDIO 
REINFORCEMENT 
SYSTEM FOR 
CHRISTCHURCH 
CATHEDRAL 


RADIO, ELECTRONICS AND COMMUNICATIONS Ist JUNE, 1966 


ENQUIRY CARD AD. 1 


whenever there’s “just a valve” 


Ba to be replaced... 


... there’s one simple way for 
the service engineer to safe- 
guard his good name. Replace 
with a Brimar valve. The same 
§ holds good for teletube replace- 

ments — the same dependability 
and trouble-free service that 
<4 make for a really satisfied cust- 
omer. No valves or teletubes are 
built to higher standards or are 


y tested more thoroughly. 


better rely on RI MA 


Standard Telephones and Cables (Ply) Limited “ITT 


Auckland, Box 571; Upper Hutt, Box 140; 


B.11 
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Sample hold output* 
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Se 
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1 GHz sine wave, pulse modulated by 
1 kHz square wave 


800 cps sine wave 


hp 3406A Broadband Sampling Voltmeter 
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z BARE casemate 
erate 


eeeueeeeus 
~~ 


1 GHz sine wave eae 


measure | MV to 3 V, 10 kHz to I GHz! 


e 50 “V readings with 20 “v resolution 


® Linear scale on all ranges ® Recorder and sample hold outputs 


retention °¢Price—only £349/7/6 


Voltage range: 1 my to 3 vy full scale, 8 ranges; db —50 to+20 
dbm (0 dbm = 1 mw in 50 ohms); absolute 
average-reading instrument calibrated to rms 
of sine wave 


Frequency 10 kHz to 1 GHz, useful sensitivity 1000 Hz to 
range: beyond 2 GHz 


Full-scale +3%, 10 kHz to 100 MHz; +5%, 100 MHz to 
accuracy: 700 MHz; 8%, 700 MHz to 1 GHz 


Input 100,000 ohms at 100 kHz, capacity appromixately 
impedance: 2 pf (input capacity and resistance depend on 
accessory tip used) 


Outputs: dc recorder, 1.2 ma into 1 K ohms at full scale, 
proportional to meter deflection; ac, sample-hold 
outout—ac signal statistically equivalent to mea- 
sured signal (on ranges 0.01 v and above) 


PRICES SHOWN ARE DUTY PAID 


e +5% measurements at 700 MHz (usable to 2GHz) 


e Probe with measurement 


Meter scales: linear voltage, 0 to 1 and 0 to 3; db, —12 to 
+3; individually calibrated tautband meter 


Dimensions: 63” high, 8%’ wide, 113’ deep (165 x 225 x 
292 mm); 8 lbs 


Accessory 11072A Isolator Tip 
furnished: 


Accessories 11064A Basic Probe Kit (£53/15/0) 
available: 11063A 50 Ohm “T” 
10214A 10:1 Divider Tip 
10218A BNC Adapter 
(09500090) 50 Ohm Termination 
11071A Probe Kit (£99/8/9) consists of above, 
plus— 
11073A Pen Type Probe 
10219A Type 874A Adapter 
10220A Microdot Adapter 
11035A Probe Tip Kit 


er a EE ESE RN ES SE TT AS 


A DC VOLT-OHMMETER WITH 
NO RANGE SWITCH! 


More time saved—Put an end to tedious, time-consuming manual 
range switching with the new Hewlett-Packard 414A Autovoltmeter. 
Just touch and read . . . range and polarity change automatically. 
You read range and polarity on the digital readout above the analog 
meter. 

More accuracy—And the analog meter lets you measure +5 my to 
+1500 y full scale, 12 ranges, with an accuracy of +0.5% of full 
scale +0.5% of reading; 5 ohms to 1.5 megohms, 12 ranges, accuracy 
1% of reading ++0.5% of full scale. 


All this for just £349/7/6 ! 


More uses—The 414A is the world’s first ‘’touch-and-read” analog 
volt-ohmmeter with accuracy anywhere approaching what you require 
for trouble shooting, tweaking, peaking and nulling, probing a circuit 
without a schematic. Use it for maintenance testing, on the produc- 
tion line, in the lab. 

In the de voltage function you simply touch the point to be 
measured and in less than 300 msec read the range and polarity on 
the digital display and the precise dc measurement on the individually 
calibrated, mirror-backed taut-band meter. Automatic ranges are 
selected and displayed for resistance measurements, too. 

More noise rejection—Ranges also can be selected and held manually, 


SAMPLE 
ELECTRONICS (N.Z) LTD. 


8 Matipo St., Onehunga, Auck., S.E.5., Phone:- 567-356 


SERVICE AND 


CALIBRATION FACILITIES 


PROVIDED. SPARE 


and a Down Range control feature lets you drop to the next lower 
range merely by pushing a-frontpanel button. 

Input resistance is 10 megohms on tne 5 and 15 my ranges, 100 
megohms on 50 mv range and above. The 414A is insensitive to 60 
Hz signals with peak value less than 7 times the full-scale de level 
of range in use in “Hold” position (rejection is 20% of reading 
when using Auto-ranging). 
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OKT 


HEWLETT jh 


“PACKARD 


An extra measure of quality 


PARTS ALWAYS AVAILABLE 
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_ MATCH 
THIS 
TO 
YOUR 


First Plug-in 


START/STOP PHASE 
ENTERRM BASAL 


MODE 
je ORT PHAGE 


3302A Trigger Phase Lock Plug-in 


Function Generator to fies variable phase, phase-lock 
plus these useful features: 


Single-cycle, multi-cycle, free-run modes, with external trigger 
capability 

Dual output amplifiers, uniquely isolated for maximum versatility 
Sync pulse output for scope or recorder 


capability 


Accurate sine, square, triangular waveform output, amplitude 


controlled 
Test signals 0.01 Hz (cps) to 100 kHz (kc), constant amplitude 
Linear voltage programmability 

Versatility finds a real definition in the new hp 
3300A Function Generator, £306/7/6, with its 
3301A Operational Plug-in, £10/15/0, and _ its 
3302A Trigger/Phase Lock Plug-in, £102/2/6 
with more plug-ins to come! 

All this for just £408/10/0. 

Any two of the three waveforms selectable by 
a front-panel switch, amplitude individually 
adjustable, over the entire frequency range. Fre- 
quency adjustable by front-panel dial (1%) or by 
external voltage (+0.3 to 10 V will control frequency 
approximately 50:1). With the 3302A Plug-in, you 
also get single- and multiple-cycle operation with 
variable start/stop phase. Trigger input lets you 
phase lock onto fundamentals, harmonics, lock 
indicated by front-panel meter. 

Output is dc coupled, fully floating, with an 
internal shield that reduces radiated interference 
and provides high CMR. Apply any dc offset volt- 
age, up to +250 V, using circuit, shield and power 
line rear-terminal grounds. You can use Channel 
B to invert the signal from Channel A, useful for 
driving balanced systems and other applications. 
40 DB dynamic range, each amplifier, up to 35 V 
p-p into an open circuit, output impedance 600 
ohms. 

Here is an instrument that has to be seen to be 
appreciated: ideal for servo, medical, analog simula- 
tion, geophysical, subsonic and audio, vibration and 
frequency response applications. Explain your 
requirement to Sample Electronics. Or write for 
complete specifications. Prices shown are duty 


paid delivered anywhere in New Zealand. 


SAMPLE | 
ELECTRONICS (N.Z) LTD. 


8 Matipo St., Onehunga, Auck., S.E.5., Phone:- 567-356 


Single cycle— simultaneous triangular 
and sine outputs. 


Phase lock; output from function 
generator (upper trace) locked to ex- 
ternal fundamental (lower trace). 


Voltage programming; frequency upper trace, programming voltage below. 


ous sine and square-wave outputs. 


HEWLETT |p PACKARD 


SERVICE AND CALIBRATION FACILITIES PROVIDED. SPARE PARTS ALWAYS AVAILABLE 
sia naa Ripa pA ton Rae mato i cash el ae i etait ee atalsreeeie th, Boog 


APPLICATION 


Multiple cycle—bursts of simultane- 


Phase lock; output from function 
generator (upper trace) locked to ex- 
ternal harmonic (lower trace). : 


An extra measure of quality 
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When the problem is the 
lowering of temperature, it’s 
a matter of cold logic to use 
‘ARCTON’ chlorofluorohydro- 
carbon _ refrigerants from 
1.C.l. They’re of consistent 
high quality and low mois- 
ture content; and they’re 
non-toxic, non-corrosive and 
non-inflammable. 


-— 


You'll find a_ refrigerant 
ideally suited to your par- 
ticular needs in the wide 
‘ARCTON’ range. 


If you would like detailed 
information on ‘ARCTON’ 
Refrigerants and their 
application, write to 
1.C.1. (N.Z.) Ltd. 


; | 
‘ARCTON?’ 
REFRIGERANTS alt ate 


Electric Refrigeration N.Z. Ltd., 210-214 Lambton Quay, Wellington. N. O. Pierson Ltd., 27a Southwark St., Christchurch. 


Ellis Hardie Syminton Ltd., Fanshawe St., Auckland. Refrigeration Engineering Co. Ltd., P.O. Box 12072, Auckland, $.E.6. 

Ellis Hardie Syminton Ltd., Thorndon Quay, Wellington. Refrigeration & Heating Engineers Ltd., P.O. Box 976, Dunedin. 

Ellis Hardie Syminton Ltd., P.O. Box 1569, Christchurch, Seal Unit Service Ltd., Holland Street, Wellington. 

Frigidaire Div. of General Motors N.Z. Ltd., P.O. Box 795, Wellington. H. Simpson Ltd., P.O. Box 583, Christchurch. 

A. W. McDonald Ltd., 5-7 Weld Street, Auckland. Simpson-Kane Refrigeration Ltd., 86 Vivian Street, Wellington. 

Allan Newbold & Co. Ltd., Thorndon Quay, Wellington. Spicers Home Appliance Centre Ltd., 93 Bridge Street, Nelson. 

G. E. Patton Ltd., P.O. Box 92, Christchurch. and from a New Zealand-wide network of authorised Frigidaire Dealers. 

IMPERIAL CHEMICAL INDUSTRIES (N.Z.) LTD. 
P.O. Box 900 P.O. Box 1592 P.O. Box 1486 
AUCKLAND WELLINGTON CHRISTCHURCH 


GC/2676/64 
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PHILIPS Variable transformers 


Philips variable transformers are designed and 
manufactured with such care that they will give 
reliable service over a long period of life. They 
are available mounted in a durable, attractive 


case or without the case for panel mounting. 


*& Can be mechanically coupled for series, 


parallel or 3-phase (star connected) operation. 
* Accurate and uninterrupted regulation. 
*% Individual units rated up to 2 kVA. 
* Low weight, small dimensions. 


* Continuously variable from zero to 20% 


above input voltage. 


ul 


* Highly efficient due to extremely low “no- 


load” losses. 


* Toroidally wound. 


IMPORTANT! Kleveces 


Recently released overseas and an ESSENTIAL 
for all TV service work is the new Philips %* Suitable for ganging and combining. 
double-wound ISOLATING variable transformer. 
These transformers have a power rating of 
350 watts which is more than sufficient for * All models available ex stock. 


all TY service work. They are available for 


bench mounting complete with fusing and 


voltmeter,.or for panel mounting. Further 


particulars on request. Limited stocks only 


are available. Write or telephone today for further particulars 


Illustrated catalogue available. 


P.O. Box 6415, Telephone 54-039, 


ELECTRONIC DEVELOPMENT WELLINGTON. 


AND APPLICATIONS CO. LTD. 548-576, 


AUCKLAND. 
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Closed Circuit TV System 


On Our Cover 


A contract to provide an _ extensive sound 
system for the Anglican Cathedral, Christ- 
church, was recently awarded to Amalgamated 
Wireless (Australasia) N.Z. Ltd. 

A complete coverage of the church was re- 
quired so that all parts of the service could be 
heard clearly by the congregation. To achieve 
this, nine AKG type D19C microphones were 
used in conjunction with a specially designed 
transistor mixer-preamplifier which feeds an 
AWA 50 watt PA amplifier driving sixteen 
column speakers In addition to this, an in- 
duction loop hearing aid system is provided, 
this being driven by an AWA 100 watt PA 
amplifier. 

The mixer-preamplifier has four channels, each 
channel being switchable to either of two 
microphones. There are three isolated outputs 
as well as visual and aural monitoring facili- 
ties. The speakers are provided with preset 
attenuators to enable levels to be adjusted 
according to the location. 

So that the equipment would blend in with 
the surroundings, the colour of the speakers 
had to be chosen to match the Oamaru stone 
pillars on which they are mounted. Also 
microphone stands were plated in florentine 
bronze. 

The new system replaces one which was in- 
stalled 15 years ago. 
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Also: eo 
Serviceman’s Column 
Listening Post 
Laboratory Report 


Conference Report & Papers 


6 - RADIO, ELECTRONICS AND COMMUNICATIONS Ist JUNE, 1966 


ENQUIRY CARD AD. 7 
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VL 
‘N NEw zZEP 
A major achievement by New Zealand engineers in the design of Marine Radio Telephones. 


Who needs a mass of equipment? Pye offers the smallest, lightest marine 
INSTANT SAFET radio telephone yet made — but it packs the biggest punch imaginable! 
With space at a premium, boats need a unit that'll tuck out of the way. Pye does it. Their Ship-To-Shore Radio Tele- 
phone contains no valves, uses much less power and can operate on dry batteries. Suitable for any craft afloat, this 
unit features a broadcast band with automatic selection of the receive frequency, seven transmitting and receiving 
channels — and most important for emergencies — no delay, no thirty-second-warm-up before you send or receive. 


Average input power 35 watts. Emergency channel indicated by warning light. Price with 2182 crystals, is £72.0.0. 


THE PYE SHIP-T0-SHORE 

ig fv TELEPHONE 

-—— #=6 Pe GIVES YOU LESS 
°%,)> FOR YOUR MONEY 


(YET IT PACKS THE PUNCH OF A GIANT) 


a 
rr 


For full specifications, write: PYE TELECOMMUNICATIONS DIVISION, P.O. BOX 2839, Auckland, Phone 548-038. 
Branches at Hamilton, Phone 81-429, Wellington, Phone 55-020 and Christchurch, Phone 69-203. a. 1067 
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Yetters from SReadero 


Sir, 

I wish to obtain some 
Pre-recorded tapes suitable 
for checking distortion in 
playback amplifiers. Could 
you help me in the matter 
of a likely source of such 


tapes. 
D. G. JONES, 
Te Awamutu 

We are not sure of a ready 
source of pre-recorded tapes 
suitable for checking dis- 
tortion. However, we sug- 
gest the N.Z. Tape Record- 
ing Club, which has a tape 
library, may be able to help. 
Their address is P.O. Box 
5368, Wellesley Street, 
Auckland. 

If they are unable to 
assist we feel sure Mr. Judd 
with whom we have prev- 
iously had correspondence 
may be able to assist. His 
address is F. C. Judd, Ama- 
teur Tape Recording, Hay- 
market Press, 86-88 Edge- 
ware Road, London, W.2, 
England. ees 

—KEd. 


Sir, 
Would you please be good 
enough to advise value of 


R1 and R2 resistors on page 
12 of Volume 21 April 1966. 


Jul; COCGCKROPT 
Timaru 


We regret the omission of 
the resistor values in the 
amplifier article to which 
you referred. RI is 100 
ohms and R2 is 3.3 23 

—Ed. 


EDITOR’S NOTE: 

We have received an en- 
quiry from the National 
Research Council, Ottawa, 
for the following list of back 
issues of Radio, Electronics 
& Communications: — 
Vol. 7° Nos. 1 =.5.,.1952 


Vole-8 No. 2 1953 
Vol. 9 No. 2 1954 
Vol 11 2 No.7 1956 


Vol. 15 No. 2 & 4 1960 
Since we are unable to 
supply, we would appreciate 
advice from any reader who 
may be able to help. Natur- 
ally we regard it as a good 
thing that these copies are 
being sought to complete the 
Council’s records and we 
would like to assist if pos- 
sible. Please write to the 
Editor if you can help. 


See the lift-out conference programme pp 19-22 
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Beckman® 


Digital Instruments 


O1406 1280 * 


Illustrated is Model 6126 eput meter with model 607 1000—MC 
plug-in extender. 


Among other models available is the model 6146 eput and timer 
with Model 602 100Mc plug-in extender. 


(End obsolescence with plug-in extenders) 


100—MC CONVERTER—With a Beckman Model 607 Heterodyne 
plug-in, you can convert a Model 6126 or Model 6146 to a 1000- 
megacycle digital frequency meter. Unequalled in bandwidth, this com- 
pact, solid-state unit has a single control for continuous, non-critical 
tuning from 20 to 1000 mc in 20-mc increments. By simply turning 
a switch, you can measure below 25 mo or perform other measurements 
with the basic counter—without removing the heterodyne converter. 
The Model 607 Heterodyne plug-in makes your 6100 Series instrument 
the highest frequency, lowest cost-per-megacycle counter available. 


100—MC EXTENDERS—The frequency range in which direct measure- 
ments are made by either of these 25-mc counters can actually be 
quadrupled. The compact Model 601 plug-in unit transforms the Model 
6146 or Model 6126 to a true direct-counting 100-megacycle EPUT 
meter—no tuning involved. In addition, this unit provides 10-nano- 
second resolution for period measurements—effectively increasing reso- 
lution by a factor of ten. A similar plug-in unit—the Model 602— 
not only increases the direct-counting range of either of these counters 
to 100 mc, but incorporates two channels for measuring time intervals 
with 10-nanosecond resolution, 


ESSENSE TE 
LEEVERS-RICH 
EQUIPMENT LTD. 


MAGNETIC RECORDING EQUIPMENT 
SR ER a 


Heavy duty tape recorders, battery operation—Series C and D. 
Heavy duty tape recorders, A.C. mains operation—Series E. 
Magnetic film recorders—Series F. 

Magnetic film reproducers—Series FR. 

Film loop absorber. 

Syncropulse interlock system—recorders and automatic reproducers. 
6-Band audio equaliser—Model 46X. 


Disc reproducer console. g 
High speed tape duplicating system—single and multi-channel. 


High speed tape inspection and reclamation unit. 

‘“TLeeraser’’ bulk tape demagnetisers. 

Photo-trip automatic programming system. 

Mixing consoles, single channel and_ time multiplex monitor systems, 
distributors and patchfields—to specification. 

For information on Leevers-Rich comprehensive range of quality 
recording equipment contact the sole N.Z. agents. 


(OVERSEAS) LTD. 


PHONE 16-189 OR WRITE P.O. BOX 5146, AUCKLAND 


Motorola Semi-Conductors news flash ! 


New low priced plastic enscapsulated integrated circuits available 
shortly. Enquiries welcomed. 
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9200: 16 


SINGLE PHASE WATTHOUR METER 


ed mm. eee 


iat 


MAGNETIC FLOTATION BEARING 


Already the Sangamo model $.200 meter is years finer materials, finer specifications. Quality 


ahead of its time. More iron and copper in both control at every stage. And now Sangamo are 


é ‘ : first in production with magnetic flotation of the 
the potential and series elements to give a better : : vis mee : 
disc spindle, completely eliminating bearing 


load curve. Quantity production bringing wear ... giving even longer life and sustained 
economies which are passed on to the user in accuracy to the world’s longest-life meter. 


WIDE CLEARANCE IN REPULSION 


Disc spindle SYSTEM One of the outstanding features of 
the system is the self-cleaning of the magnetic 
completely gap. The repelling fields of the floating magnets 
have a generous clearance of approximately 1%” 
floats in depth and can readily be inspected from the- 
front of the meter. These repelling fields prevent 
onda magnetic particles from bridging the magnetic 
. cushion and thus creating a source of friction. 
magnetic 
cushion 
eliminating BARIUM-FERRITE CERAMIC MAGNETS 
These magnets, of exceedingly high coercive 
wear and 2 _ force, cannot be de-magnetised by the \most 
; powerful magnetic field caused by extreme over- 
ensuring load on the meter, or by external magnetic fields. 
sustained inal ceramic, they are completely corrosion 
accuracy 
(etal Ee Co. Cs Ce) a eee 


BOX 873 — PHONE 62-254 — CHRISTCHURCH 
BOX 8150 NEWTON — PHONE 16-100 — AUCKLAND 
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NOW AVAILABLE- 
a complete guide 


to the use, characteristics 


and range of PHILIPS 


semiconductors! 


FILL IN THIS COUPON OR WRITE TO: PHILIPS 


Philips Electrical Industries of New Zealand Limited, 
P.O. Box 2097, Wellington. 


A COMPLETE REFERENCE 
BOOK FOR ONLY 15/- 


[ 
I 
I 
This reference book of the | 
PHILIPS range of diodes, transis- | 
tors and rectifiers, gives detailed | 
| 
I 
| 
| 


Attached is my cheque/money order for 15/-. Please forward by return 
mail, a copy of the reference book “Philips Semiconductors”. 


specifications of their application 


and characteristics. It offers a COTY | oe Ee a ee ee ae eee eee hae 
quick and handy reference to the 
technician searching for the right ACCESS ccsssicvecsescessrsocesneesssensseeseepesnsasssnernninennsonecnsoasansgveeseeteannasennrnsoengsesnyunennoneessnsenti sina 


semiconductor to do a specified 
job. No reference library is COM | weer nnmemenmmananmmnmaannnnanann it 


ee ee ee eS ee ee ee 
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W. & K. McLEAN LTD. ANNOUNCE THEIR 
RECENT APPOINTMENT AS SOLE N.Z. 


ee % REA 
e REPRESENTATIVES FOR:— 
Re ese 


CONSOLIDATED ELECTRODYNAMICS CORPORATION 


Pasadena, California, U.S.A. Woking, England Friedburg, West Germany 


Analytical & Control Division: Manufactures Datatape and Datagraph products including magnetic tape recording and reproducing equip- 
ment for ground-station, airborne “and mobile application, direct-writing oscillographs, amplifiers, power 
supplies. Transducer products—Sensing devices for industrial and military applications, pressure and 
vibration instrumentation, and galyanometers. Technical supplies—Markets expendable supplies for the 
instrumentation field such as magnetic tape, and processing chemicals and recording materials for 
oscillographs. 


Data Instruments Division: Produces mass spectrometers, emission spectrometers, residual gas analysers, leak detectors, chromatographs, 
and moisture monitors. 


Consoli : : F ; : 2 
onsolidated Vacuum Manufactures a complete line of high vacuum and environmental test equipment for science and industry 


Corporation: . . . including custom systems. 


Consolidated’s Type 5-124 DATAGRAPH Recording Oscillograph brings precise 
measurement within the reach of all: The instrument's low cost makes top quality 
recording available to many industrial and medical users who once though such 
instrumentation inaccessible. Yet, the oscillograph’s excellent performance characteristics 
make it suitable for some of today’s most sophisticated aerospace applications. 
Channel capacity is 6, 12, or 18, with 7-inch-wide records produced by the direct 


print process, which means no chemical processing is required. Using CEC 7-300 


Series High Performance Galvanometers, static and dynamic data from d-c to 13,000 
cps can be recorded. Standard recording speeds are 4, 1, 4, 16, and 64 inches-per- 


second. 


Consolidated’s DG 5511 Portable Two-Channel Thermal Writing Recorder records two 
channels of analog information at frequencies to 125 cps and on 50-mm-wide channels. 
The instrument utilizes a heated stylus to produce clear, sharp contrast, rectilinear traces 
on heat-sensitive Data Trace tm recording papers. A direct writing feature permits viewing 
of data as it occurs on high contrast or reproducible paper. 


Modular construction of the DG 5511 makes the instrument more economical and 
versatile than any other comparable unit available today. High level signal inputs can be 
converted to relatively low level inputs by a simple change of plug-in attenuator/ amplifier 


units — the “three in one’ modular concept. 


When using the properly selected plug-in unit, signals from 25 my to 500 volts 


produce full scale (50 mm) deflection of the recorder’s stylus. 


Consolidated’s VR-3300 Recorder / Reproducer is a wideband system for use in applications where 
portability is desirable. The instrumentation-class recorder provides true laboratory performance in 
instrumentation vans, abroad ships and submarines, and when moved from lab to lab. Bandwidth of direct 
recording/ reproducing is 100 cps to 200 kc; maximum bandwidth of standard telemetry recorders — or top 


performance at minimum cost. Bulletin 330V. 
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battles road deaths 


Despite all the efforts of the Transport De- 
partments of Government and local authorities, 
the mounting total of road fatalaties will 
approach if not pass the figure for 1965. 
Whereas electronics has played its part in 
improving the safety record of aircraft, ships 
and railways, there appears to have been little 
activity in the case of the motor car and the 
roads on which it travels. 


Can electronics do something to reduce the 
road toll significantly? This question comes 
up more and more often, and although it is 
usually answered vaguely in the affirmative, 
it is also generally qualified by the rider that 
this is likely to be in the distant, rather than 
the immediate future. Why? It is shortage 
of money, lack of interest, or is it impractical 
at the present state of the science? 


lt must seem a little incongruous to the 
layman that modern technology can guide a 
satellite far out into space, make it execute 
delicate manoeuvres, and land softly on the 
moon and yet the humble motor car cannot 
progress safely along a city street. 


In some of the larger cities of the world, 
traffic patterns are detected by systems incor- 
porating closed circuit TV, sensing pads and 
helicopter borne observers and this informa- 
tion is digested by computers. This enables 
traffic control lights and warning signs to be 
activated in such a way as fo correct any 
potential obstruction to traffic flow. On some 
overseas motorways, accident and road safety 
signs can be illuminated by a central control 
to advise motorists of impending danger. So 
far, however, there has been little attention 
paid to providing any equipment to aid the 
driver in his actions. 


The gathering momentum of experimental 
work is at least a little promising however 
and many safety experts believe that if the 
future driver is to survive at all, it must be 
as the result of teamwork between law-makers, 
car manufacturers and electronic laboratories. 
lt was for this reason that a different approach 
aroused interest early this year, when it was 
proposed overseas to build a “Drivometer” 
device which would establish a _ potential 
“figure of merit’ for drivers, by measuring 
their reaction times for certain situations. 


An extension of this idea could be the use 
of a Driving Simulator, such as the unit which 
was introduced last year in the United States, 
by the American Division of Accident Preven- 
tion. This simulator shows up potentially dan- 
gerous driving practices and accident-prone 
situations. For example: one of the first- 
projects is an attempt to discover what causes 
high-speed rear-end motorway collisions, and 
also how a driver reacts under varying traffic 
conditions. By using such techniques, it is 
hoped to produce data on such subjects as 
driver fatigue and partially or defective, vision. 


Here electronics is playing its part in an 
indirect way to help prevent accidents. Some 
writers, with tongue in cheek perhaps, have 
suggested that cars should be fitted with auto- 
matic light-dipping systems, and radar oper- 
ated brakes. However nothing really concrete 
has come of these ideas to date, and it is 
painfully obvious that for the next few years, 
at least, comments made earlier in this article 
are likely to remain true — unfortunately for 
some of those who will be travelling and risk- 
ing their lives on the highways. 

1.H.S. 


Following the Suva yatch race earlier this year we 
prepared an editorial comment on the subject of safety at 
sea. However in view of the subsequent tragic loss of the 
Koitawa and the impending inquiry we have at least 
temporarily reserved our comments. 


—Ed. 


12 - RADIO, ELECTRONICS AND COMMUNICATIONS 


LOOKING AT 


SEMI - CONDUCTOR 
STRAIN 


GAUGES 


Around the end of 1958 considerable interest developed among 
experimenters and acoustical transducer manufacturers in the possible 
application of highly sensitive piezo-resistive elements as sensing devices 


for displacements, strains and forces. 


For dynamic problems, piezo- 


electric pickup systems consisting of quartz or barium titanate had been 
used for measuring vibrations and shock and stress waves. 


Wire strain gauges utilising a 
change in dimension to give a 
change in resistive value, had been 
known since the late 1930s, but to 
the author’s knowledge, the first 
piezo-resistive measurements on 
semi-conductors were made in 1953 
in connection with basic research 
into transistor technology. From 
this point on, further investigation 
and experiments were very actively 
carried out, and efforts were made 
to find and extend applications of 
the phenomenon. 

Whereas the strain sensitivity 
(gauge factor) for conventional wire 
gauges is commonly about two, it 
was found that gauges made from 
semi-conductor material have a 
gauge factor often greater than 100. 
Nowadays, manufacturing methods 
can yield gauge elements with 
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small volume and area capable of 
high resistance changes, enabling 
almost pin-point measurements to 
be made on small or intricate mem- 
bers or articles. 


Mechanical properties of semi- 
conductor strain gauges 

Strain gauges can be made from 
semi-conductor materials based on 
silicon and germanium doped with 
certain impurities. Properties such 
as the electrical resistivity, the 
temperature dependance of resis- 
tivity, the magnitude of the piezo- 
resistance effect and its temperature 
dependance are all functions of the 
“doping level” or concentration of 
the impurities in the basic ele- 
ment’s crystal lattice. 

By doping with the right im- 
purity, (for example phosphorous), 
silicon material can be produced 
from which gauges can be made 
with a negative gauge factor (the 
resistance here decreases on appli- 
cation of a tensile strain). Silicon 
doped with an impurity such as 
boron will enable gauges to be 
made with a positive gauge factor. 
Consequently, these two types are 
usually known as n-type and p-type 
respectively. 

The material commonly used at 
the present time for commercial 
semi-conductor strain gauges is 
single crystal silicon, since this type 
of material shows a large piezo- 
resistance effect and has good 
mechanical properties, being inher- 
ently free from hysteresis and 
memory effects found in multi- 
crystalline elements such as wire 
and foil sensing elements. 
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The strain sensing element of a 
silicon strain gauge should be cut 
from a single crystal of the semi- 
conductor material, with suitable 
orientation relative to the crystal 
axes. When cut in the form of a 
very thin strip this material is suf- 
ficiently flexible to be bent round 
a radius of less than one quarter 
of an inch, yet such strips are very 
strong. 


Thus the outstanding features of 
silicon type strain gauges are that 
they exhibit a very high gauge fac- 
tor, and they can be obtained with 
this gauge factor either positive or 
negative. 


The determination and control of 
the effects of temperature on silicon 
gauges 

The basic silicon element and 
termination assembly of a typical 
semi-conductor strain gauge would 
be capable of withstanding tem- 
peratures well in excess of 300 de- 
grees centigrade, but in practice, 
the gauge has to be mounted onto 
the structure under examination, 
and in many cases the adhesive 
methods impose a lower limit to 
the acceptable maximum tempera- 
ture. 


Commercial silicon strain gauges 
are commonly mounted on synthe- 
tic or epoxy-resin substrates which 
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Fig. 1. Gauge factor versus temperature for 

silicon strain gauges produced with various 

doping levels, indicated by the resistivity at 
20 degrees Centigrade. 
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limit the maximum temperatures to 
about 100 degrees centigrade. In 
some cases the effects of tempera- 
ture on these substrates is respon- 
sible for some of the temperature 
effects of the gauge itself. There 
are other temperature effects, how- 
ever, which are caused by the semi- 
conductor material itself. These 
effects can be reduced or alleviated 
in many ways. 

Some of the undesirable effects 
are: 

1. The change in the resistivity of 
the material with temperature. 
2. The change in sensitivity, e.g. the 

piezo-resistance coefficients of 

silicon material decreases with an 
increase in temperature. 
3.There is a change in the “un- 
strained” resistance of the gauge 
resulting from a difference in 
expansion due to temperature of 
the gauge and the structure on 
which it is mounted. 
The combination of these effects 
and some others, makes it necessary 
to use some form of temperature 
compensation. These techniques 
can be of two basic types, namely, 
1. Self compensation. ° 
2. Circuit system compensation. 

Let us first look at methods of self 
compensation. 

In Fig. 1. we see the effects of 
temperature versus gauge factor as 
a function of the amount of impur- 
ity introduced by the doping pro- 
cess. As the impurity concentration 
is increased, the ambient tempera- 
ture resistivity of the material 
decreases, and the temperature 
dependence of gauge factor de- 
creases, but so does the gauge fac- 
tor itself. 

Thus for a large operating tem- 
perature range, it is better to use a 
lower resistivity material, tolerating 
the lower strain sensitivity. If the 
temperature range is small, the 
resistivity can be increased by using 
material with lower doping con- 
centrations thus securing a higher 
gauge factor. 

If the impurity doping is greater 
than about 1029 atoms per cubic 
centimetre (corresponding to resis- 
tivities less than about one thov- 
sandth of an ohm per centimetre) 
the gauge factor is relatively in- 
dependent of the temperature. To 
secure this doping level however, 
special techniques are required, for 
example, the impurity is diffused 
into the silicon for a limited distance 
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at a very high temperature. This 
gives a gauge of reasonable dimen- 
sions with a_ suitable electrical 
resistance. 

Gauges can also be made which 
have an element of p-type material 
and an element of n-type material 
mounted side by side on a common 
substrate. These two types ‘of 
material have gauge factors of 
opposite sign but temperature co- 
efficients of resistivity of the same 
sign. By carefully chosing doping 
levels, it is possible to arrange 
matters so that the resistance of 
the two arms change at the same 
rate with variation of temperature. 
If these two gauges are now con- 
nected in opposite arms of a Wheat- 
stone bridge, the bridge will re- 
main balanced over quite a wide 
temperature shift. Unfortunately, 
these composite gauges have to be 
designed to suit the thermal expan- 
sion characteristics of the material 
on which they are to be mounted 
finally. 


Compensation by means of circuit 
design 

Compensation for temperature 
can be achieved in this manner, in 
a variety of ways. Some however, 
are not completely satisfactory. For 
instance, two gauges can be used 
in opposite arms of a bridge cir- 
cuit. One of these is active, the 
other is located so as to be held 
at the same temperature, but it is 
inactive. In this way, compensation 
can be obtained for the variation 
of resistance with temperature, and 
for the effects of expansion with 
temperature: but does not compen- 
sate for the change of gauge factor 
with temperature. 

A method which is useful when 
equal positive and negative strains 
are available, as for instance with 
opposite surface of a bending beam, 
is to use four identical gauaes in 
a 4 sided bridge circuit, with the 
adjacent arms subjected to strains 
of opposite sign. 

Any temperature effect will be 
balanced by the bridge, but there 
is still no compensation present for 
the effects of temperature on gauge 
factor. 

With this system it is possible 
however, to compensate for chanaes 
in gauge factor with temperature 
by usina thermistors in series with 
the bridge. The basic circuit is 
shown in Fig. 2. One slight dis- 


advantage of this technique is that 
a comparatively large thermistor 
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Fig. 2. Thermistor circuit for the compensation 
of the change of sensitivity with temperature 
of semi-conductor strain gauges. 


must be used since it must handle 
a large fraction of the total bridge 
current. The fraction of the input 
voltage appearing across the bridge 
depends on the resistance of the 
thermistor; as the temperature in- 
creases, this fraction also increases 
due to the fall in resistance of the 
thermistor. The values of thermistor 
and shunt resistor are chosen so 
that the increase in voltage across 
the bridge produces an increase in 
output, which balances the fall in 
output resulting from the decreas- 
ing gauge factor. The thermistor 
must be mounted so that it is at the 
same temperature as the gauges. 

An alternative arrangement is to 
use the gauges themselves as the 
temperature-dependent element 
and to place a fixed resistance in 
series with the bridge. If gauges 
with a high temperature coefficient 
of resistance are used, then the 
bridge resistance will increase suf- 
ficiently with temperature for the 
increased voltage across it to com- 
pensate for the fall in gauge factor. 
This method has the advantage that 
the resistor in series with the bridge 
does not have to be the same tem- 
perature as the gauges, and there- 
fore does not have to be mounted 
with them. 


Some applications of the semi- 
conductor strain gauge 

The large output from silicon 
semi-conductor strain gauges has 
enabled them to be used in appli- 
cations where previously — strain 
gauges could not be considered. 
For example there are many cases 
where it is advantageous to have 
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an indication of the load acting on 
some part of a machine or mechan- 
ism during its normal operation, in 
some cases for safety, in others for 
more efficient operation. A high 
order of accuracy is usually unneces- 
sary, and it is. often possible to find 
some part of the mechanism where 
sufficiently high strains are present 
to produce useful measurements. 


The output can be used to drive 
such indicators as a moving coil 
milliammeter or relays operating 
signals, or where the load must be 
safely controlled, the strain gauge 
can be used to trip safety interlocks 
if the load becomes dangerous. 


Where linear or small angular 
movements are to be measured or 
detected, the movement can be used 
to deflect a flexible arm, to which 


are bonded two or four gauges. By 
attaching one or more pairs of 
gauges to the outside of pressure 
tanks or pipes, the internal pres- 
sures can be detected or changes 
of pressure measured. 


Strain gauges are known for their 
good frequency response character- 
istics, and high measurement 
accuracy. For this reason, strain 
gauge load cells and tension links 
are particularly suited to weighing 
applications. 


Generally they are simple to in- 
stall, and due to the small deforma- 
tion of the sensing element under 
loads have little effect on the -nor- 
mal operation of the instrument. 

Undoubtely more experience of 
the use of silicon strain gauges in 
industrial applications will result in 
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designers finding that strain gauges 
can be used profitably to do count- 
less jobs more effectively than has 
hitherto been possible. Although 
the initial cost of these semi- 
conductor gauges is high compared 
with metallic gauges, the simplicity 
of the associated circuitry usually 
more than balances the price dif- 
ference and this inherent simplicity 
results in little or no maintenance 
costs. 
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A simple method of measuring 


the attenuation of coaxial cables 


By B. F. D. Steger-Lewis,* B.Se., Grad.I.E.E., A.K.C, 


When the parameters of coaxial cables are con- 
sidered, the most usually required constants are 
propagation coefficient, velocity ratio and char- 
acteristic impedance. There are, however, cases 
where the most important parameter to be measured 
is the attenuation per unit length (usually quoted 
in dB per 100 feet). 


If sufficient of the line constants are known, this 
last parameter may be calculated, but it is often 
easier and more convenient to measure the attenu- 
ation directly. 


The classical method of making this measurement 


uses a slotted line, but this is a tedious and com-- 


plicated procedure, and the following details show 
how the measurement may be carried out using 
only a signal generator and a vacuum tube volt- 
meter capable of measuring A.C. voltage at the 
desired frequency. 


The equipment is set up as shown in the figure 
and the signal generator output frequency is 
adjusted to give a maximum reading V(max) on 
the voltmeter, at a frequency as close as possible 
to the nominal test frequeney. 


The signal generator frequency is then re-adjusted 
through the nominal test frequency to give a mini- 
mum reading, V(min) on the voltmeter, again as 
close as possible to the nominal test frequency. 


* An abridged version of an article prepared by Marconi Instruments 
Ltd. 
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If the coaxial line is long compared with the 
wavelength at which the measurement is made, then 
the attenuation is given by 

V(max) + V(min) 
Al + 10 logiw ——_—_______—_—__ dB 
V(max) — V(min) 
Where A = attenuation coefficient 
and 1 = length of cable. 


Limitations of length of line and frequency: 

It can also be shown that the percentage change 
in frequency required to take the voltmeter reading 
from a maximum to a minimum is given by :— 


Vv 
Change in frequency = x 100 per cent 
21f 
Where v = velocity of propagation 
1 = length of line 
and f = frequency. 


As the frequency is usually decided by other con- 
siderations, it would appear that the longer the line 
the better, as the percentage change in frequeney 
should not be excessive. However, as the attenuation 
increases with the length of the line, V(max) 
approaches V(min) and the effect of a small error 
in either of these measurements will result in large 
errors in the final answer. Thus a compromise must 
be achieved in which the change of frequency must 
not be too large, or the difference between V (max) 
and V(min) too small. 


| 
: 
| 
| 
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Magnetic Heads 


The magnetic-tape recorder of today is one of the 
most complex pieces of instrumentation equipment 
ever developed. Here in one device is combined the 
advanced technology of magnetics, electronics, and 
mechanics, blended to produce one precision instru- 
ment capable of continuous operation under the most 
exacting conditions. 

No longer is the tape recorder an audio device with 
limited application. It has graduated to the level of 
being an essential part of every telemetry, data pro- 
cessing, digital, and analogue instrumentation facility. 
This change has come about largely because of the 
advanced development of one element without which 
there would be no magnetic-tape recorder —— the 
magnetic head. 

Why consider the magnetic head so vital? Because 
as we study the tape recorder, we find that the sole 
purpose of the tape transport is to pass the tape by 
the heads in a precise, smooth motion . . . and that 
the electronics serve to condition the signal for pre- 
sentation to the record head and then to extract this 
recorded signal from the reproduce head and amplify 
it for transmission to subsequent data handling equip- 
ment. Without the magnetic head there would be no 
magnetic-tape recorder as we know it today. Modern 
magnetic-head technology and the improvements in 
-magnetic tape have primarily been responsible for the 
unqualified acceptance of magnetic-tape recorders by 
the industry. 

The importance of magnetic heads to the success of 
a tape recorder is exemplified by the fact that all 
major tape-recorder manufacturers maintain their own 
head department in order to assure proper performance 
and delivery. In fact, the most closely guarded secret 
of data-recorder manufacturers is their magnetic-head 
technology. It is significant to note that any advance- 
ment in recorded bandwidth is accompanied by the 
development of a new, improved magnetic head. 

In order to better understand this valuable trans- 
ducer, the following discussion briefly acquaints the 
reader with the magnetic head, some of its idiosyn- 
crasies, and where we might expect the industry to go 
in the near future. 


How Does It Work 


The magnetic head is in essence a transducer that 
converts electrical! signals into magnetic lines of force 
or vice versa. Figure 1 shows the basic configuration 
of a typical magnetic-tape record head. The electrical 
current flowing in the record head coil creates a mag- 
netic field in the pole piece, which at the point of the 
gap fringes out from the pole piece and enters the 
medium of the magnetic tape where the signal char- 
acteristics are stored for later reproduction. 


* Data Instruments Division, 
Consolidated Electrodynamics 
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If the signal stored on the tape is to be a true 
representation of the record signal, then all the infor- 
mation regarding frequency amplitude and phase must 
be converted with true fidelity into the proper magnetic 
flux. The term “constant flux” recording has been 
used to describe the desired results. 
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Figure 1. Relationship between tape and head gap. 


With constant flux recording, any signal, regardless 
of frequency (within the pass band), will be translated 
into proprotional flux. To achieve this may require 
some high-frequency boost or pre-emphasis. Constant 
flUx recording is not to be confused with “constant 
current” recording, which merely assures that the 
current entering the head is uniform with frequency. 
At wide bandwidths a vast difference may exist be- 
tween the current entering the head and the recorded 
flux due to head losses and tape-to-head contact. 

The reproduce process is similar to that employed by 
vibration pickup, phonograph pickups, etc., where the 
excitation source induces a current in the pickup coil. 
For the magnetic-tape recorder, the excitation is the 
residual flux contained within the tape. As the tape 
is passed by the reproduce head a voltage is generated 

d¢ 
which follows the formula e = — = —2z7 Af cos et. 
dt 
This formula shows that the signal developed in the 
magnetic head is a function of the rate of change of 
flux induced in the head. 

If the above formula were strictly true, then a tape 
recorder would be capable of extremely high frequency 
performance. Unfortunately, however, there are 
numerous other factors which limit the high end 
response. Several of these factors will be discussed 
later in the article and are shown in Figure 3. A typical 
audio reproduce head has an output level on the order 
of 10 millivolts (wideband heads are considerably 
less) which explains why amplifiers were necessary 
to the successful development of the magnetic recorder. 
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Because of this, low-level noise pickup is a serious 
limitation of wideband recorders and special manu- 
facturing techniques are used to minimize this problem. 

The record head has the problem of handling the 
high-frequency bias which is essential for low-distortion 
direct recording. This frequency is normally at least 
three times the upper recorded bandwidth, which 
requires that a record head for a _ two-megacycle 
recorder must handle a bias frequency of from 7 to 10 
megacycles. The bias frequency is beyond the response 
characteristic of the reproduce head and, therefore, 
does not enter into the reproduce head design con- 
siderations. The record head handles signals in the 
high millivolt level, whereas the reproduce head must 
process signals as low as one or two microvolts. These 
and other factors discussed later reveal why the design 
of modern magnetic heads is a complex process re- 
quiring careful engineering and precise manufacturing. 

The parameters involved in designing record heads 
are so significantly different from those used in the 
design of reproduce heads that separate heads are 
always used in high-performance systems. 

The complex phenomena of magnetic recording is 
far too involved to include in a brief article. However 
detailed discussion may be found in the references 
noted at the end of the article for anyone interested 
in pursuing this intriguing subject. 


Design Complications 


The development of the magnetic head has pro- 
gressed to such a refined state that further improve- 
ments in performance present quite a challenge to the 
designers. Also, the variable design parameters are 
so numerous in the design of a magnetic head that it 
is not surprising to find among major manufacturers 
wide variations in construction, materials used, and 
electrical characteristics. Certain of these performance 
parameters are of primary concern to the magnetic- 
tape recorder user as they affect maximum bandwidth, 
SNR, and life. It is these parameters which will be 
discussed. 

The shape of a magnetic head is one where a great 
deal of flexibility is possible. Factors that influence its 
shape are materials used, contour effect, and the fre- 
quency band of interest. Many of the new magnetic 
materials which are desirable for improved perform- 
ance are difficult to machine and, therefore, a com- 


promise in geometry must be made in order to realize 


the better performance. 

One manufacturer has spent considerable effort to 
develop a properly shaped head while still utilizing 
one of the superior magnetic materials. Contour effect 
(undulations in the low-frequency response of the 
head) occurs when the recorded wavelength becomes 
comparable with the outside dimensions of the mag- 
netic core. This is usually minimized by increasing 
these dimensions until the frequency at which it occurs 
is below the passband. Variations in the solutions 
used to solve the problem of contour effect contribute 
to a variety of the head shapes encountered. 

One of the most critical of all head parameters is 
gap depth, which affects upper-frequency limit and 
life. A thinner gap provides improved high-frequency 
output while simultaneously reducing head life. The 
width of the gap is most significant in limiting high- 
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Figure 2. Frequency response curves showing division of playback 
losses. 


Figure 3. Successive maxima and minima due to airgap effect. 


frequency response. As the recorded wavelength 
approaches the width of the gap, the output signal 
approaches zero. (See Figure 3). For example, a 2.0 
mc signal recorded at 120 ips presents a wavelength 
of 60 micro-inches to the head. Present manufacturing 
techniques are capable of providing a gap width of 
30 micro-inches or better. However, magnetic-tape 
quality is presently the limiting factor with particle 
sizes around 40 micro-inches. 


Laminated head construction has long been the 
standard technique in the manufacturing of heads in 
order to reduce eddy current losses. Recently, since 
better materials are available, solid, all-metal pole 
pieces are becoming widely accepted since they pro- 
vide superior output and improved life. The all-metal 
surface wears more evenly than laminated structures 
and, therefore, does not develop any jagged grooves 
to scrape oxide from the tape. Also, the even wear 
exhibited by the all-metal surface provides optimum 
head performance for its entire life. 


The high performance multi-track heads of today 
require manufacturing techniques that would put a 
watchmaker to shame. Exact environmental conditions 
are maintained in today’s clean rooms at all times. 
Precision optical microscopes are required for accurate 
assembly of the heads to assure proper spacing and 
alignment of the various tracks in the head. Azimuth 
misalignment of only 10 minutes will cause a 12 db 
loss at 70 kc at 60 ips. Precise manufacturing techni- 
ques are required to maintain superior performance. 

Aside from careful design and manufacturing, the 
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magnetic head requires proper care to ensure top 
performance. Proper care for the average user requires 
occasional degaussing and regular cleaning. Degaussing 
is required to overcome the residual d-c magnetization 
of the head which accumulates as a result of the 
passage of the magnetic tape over the pole, and as a 
result of electrical switching transients. This accumu- 
lated magnetization results in a decrease in the over- 
all system signal-to-noise ratio because of the resultant 
background noise and, more important in many cases, 
increases the even harmonic content of the recorded 
signal. 

Cleaning of the heads is required (recommendations 
are contained in O & M manuals supplied by most 
manufacturers) to remove accumulated oxide dust. 
Cleanliness is important especially in high-frequency 
work to reduce spacing losses which result from the 
tape being other than in direct contact with the head. 
An example of the seriousness of this loss is to con- 
sider a recorded signal of 1 mc at 120 ips. A space 
between tape and heads of only 24 micro-inches will 
result in a 10 db signal loss. 

Compare this to the particle size of present magnetic 
tape, which is 40 micro-inches, and it can be seen that 
dirt accumulated on the tape can cause severe decrease 
in signal output at high frequencies. Tape cleaners 
are available from some manufacturers to reduce losses 
caused by dirty tape. Basically, all of these manvu- 
facturers set out to clean the tape before entering 
and after leaving the head area to eliminate any dirt 
or oxide dust from being pressed into the tape when 
tape is packed onto the takeup reel. For example, 
one employs a combination of ion bombardment, 
vacuum, and jaguar brushes to assure a thorough 
cleaning job. 

The purchaser of a magnetic-tape recorder has no 
control over the heads he gets with the recorder as 
all manufacturers provide these as an integral part of 
the system for reasons discussed earlier. However, 
the quality of a head, the manufacturer’s production 
techniques, and customer comments as to head life 
are worth considering and should not be passed over 
when evaluating the right recorder for a particular 


job. 


Recording Limitations 

Have we reached the limit in longitudinal recording 
utilizing present methods? This is a feeling expressed 
by many engineers and scientists involved with looking 
toward 10 mc and greater recording bandwidth. Cer- 
tainly if we look at the progress attained by magnetic- 
head and tape technology in the past 20 years, it seems 
short-sighted indeed to say that we are approaching 
the limit. Magnetic heads using existing technology 
are presently in evaluation of 2.0 mc and on the 
drawing boards for 5 mc. Multi-track heads are 
presently in production for 32 tracks to the inch and 
preliminary studies have been completed for 42 tracks 
to the inch. 

What then is the theoretical limit? As long as in- 
dividual magnetic particles can be selectively mag- 
netized and then retrieved by the desired channel, 
there is no theoretical limit to the channels-per-inch of 
tape or the upper recorded frequency. However, 
before the state-of-the-art can be pushed much beyond 
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the present 2.0 mc @ 120 ips and 32 channels-per-inch, 
improved performance will be required from all areas 
of magnetic-tape recorder technology, the magnetic 
heads, electronics, magnetic tape, and the transport. 

Track density presently is limited because as the 
number of tracks increases, the width of the recorded 
track decreases and the resultant output from the tape 
is proportionately lower at the reproduce head. Also, 
shielding between channels becomes more difficult and 
transport skew has an added effect. However, im- 
proved efficiency heads with integral micro-electronic 
preamps will enable better shielding so that track 
spacing may be reduced to values approaching the 
particle size on present-day magnetic tape. Theoretric- 
ally then, there is no foreseeable limit to the number 
of tracks per inch of tape. A break-through in mag- 
netic materials, transport design, and head construction 
will be necessary before any appreciable step forward 
is taken in this direction. 

The factor of more immediate concern to magnetic- 
tape recorder users is upper-frequency limit. The upper 
limit may be extended utilizing present designs merely 
by running the tape at faster speeds. Each time the 
speed is doubled the upper limit is doubled (assuming 
electronics and heads are designed to handle the 
higher frequencies . The obvious sacrifice here is tape 
usage, for each time the speed is doubled, tape con- 
sumption is doubled. The problem posed to the 
designer engineer then is how to increase frequency 
without increasing speed. 

A significant factor in the upper limit for a magnetic 
head is the gap width, because as the recorded wave- 
length reaches the same dimension as the gap width, 
the signal out from the reproduce head falls to zero. 
As shown previously, the logical conclusion is to make 
the gap width as small as possible. However, as the 
gap width is reduced, signal output is reduced and con- 
struction becomes extremely difficult. Therefore, once 
again considerable break-through in materials and 
manufacturing techniques will be required before a 
significant step forward can be made. 

However, to say that magnetic-tape recording is 
reaching the limit in its performance is ignoring the 
capabilities of today’s scientists and engineers who 
are devoutly engaged in producing better materials, 
better transports, and more sophisticated head designs. 

The magnetic head as the heart of modern tape 
recorders will continue to function in its role as the 
transducer converting electrical signals to magnetic 
flUx and back again as long as the state-of-the-art is 
advanced. Magnetic-tape recording today is as chal- 
lenging a field as one can find anywhere. The horizons 
are broad and the future is unlimited. 
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MURPHY 
Solid State 


Stereograms 


Model Nos. 
SG 2-23 Wan GrlZ-29 


Circuit and 


Service Data 


CHASSIS REMOVAL: 
$G12-28 


1. Remove the control knobs by pulling straight up. 
2. Disconnect the aerial lead, pickup leads, speaker 
leads, and gram unit mains and earth leads. 
Unclip the bezel lamp from its support bracket. 
Remove the four 4BA nuts holding the dial 
reflector plate. 

5. The chassis can now be removed from the cabinet 
for service work. 


ee Bed 


$G12-29 
1. Remove the control knobs by pulling straight off. 
2. Disconnect the aerial lead, pickup leads, speaker 
leads, and the gram unit mains and earth leads. 
3. Remove the six 4BA nuts holding the dial 
reflector plate. 
4. The chassis can now be removed from the cabinet 
for service work. 
Before replacing the chassis ensure that the six 
angled scale retaining brackets are in place. 


ALL VALUES OF RESISTANCE IN OHMS & ALL 
VALUES OF CAPACITANCE IN MICRO-FARADS. 
UNLESS OTHERWISE STATED. 


Ist JUNE, 1966 


MURPHY SOLID STATE 
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UNDER NO SIGNAL CONDITIONS & WITH VOL 


CONTROL SET TO ZERO WHEN SWITCHED 


SW1 SHOWN IN GRAM. POSITION. 


ALIGNMENT INSTRUMENTS 


1. EQUIPMENT REQUIRED 

a A signal generator covering the range of 450 
Kc/s to 1.5Mc/s modulated 30% at 400 or 
1000c/s. 

b. An audio output meter capable of reading 
500MW @ 15 ohm e.g. a Multimeter on the 
10V A.C. range will indicate a power output 
of 500 MW when the voltage reads 2.74 
across a 15 ohm speaker. 

c. A non-metallic trimming tool suitable for 
adjusting the I.F. and R.F. coils. 

d. A 100pf dummy aerial. 

CAUTION: 

Do not screw the |.F. & R.F. cores hard down 
at the bottom of their travel as this may cause 
the coil bottom to crack. 

2. I.F. ALIGNMENT 

a. Set the signal generator to 455 Kc/s. Dis- 
connect the .Olufd. convertor base coupling 
capacitor and couple the output from the 
signal generator through a .lufd capacitor 
into the base of the convertor. Stop the local 
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VISIT THE TRADE EXHIBITION—Open 9.30-6.15 each day 


NOTES, ADDRESSES, PHONE NUMBERS 


This conference, the first of its kind in the electronics field, has 
grown far beyond the fondest hopes of the organisers when the 
venture was first discussed some eight or nine months ago. The 
expected enrolments now appear certain to be in excess of three 
hundred people to whom seventy-nine papers are being presented. 
A great deal has been learnt which will be invaluable in the planning 
of the next conference and it is certain that much additional information 
will be obtained during these three days. 


The timetable of papers and venues is set out on the next six 
pages in a form that enables people to assess which papers are 
being presented in any given stream at any particular time. Except 
in two instances it has been possible to keep each stream in the same 
lecture theatre throughout and the lecture rooms have been chosen 
to provide ample seating in all streams. 


If visitors require any assistance, or wish to make contact with 
any particular person it is suggested this be done through the 
conference enrolment and information office situated in the men’s 
common-room in the University. 


SOCIAL — Thursday at 8.00 p.m. at Auckland Technical Institute 
— tickets are obtainable from the information centre. 


PREPRINTS —— Enquiries concerning preprints should also be 
made at the information centre. 


Te ereeeGna wh feel ivr) pm 


The provisional list of firms and 
organisations exhibiting during the 
Conference is: 


Watson Victor Ltd. 

Sample Electronics (N.Z.) Ltd. 

W. G. Leatham Ltd. 

Pye Ltd. (Telecommunications Division) 

Concord Electronics Ltd. 

Electric Control & Engineering Ltd. 

Electronic Navigation Ltd. 

Geo. W. Wilton Ltd. 

W. & K. McLean Ltd. 

EDAC Ltd. 

Plessey (N.Z.) Ltd. 

Redfern Radio 

Technical Services Ltd. 

Amalgamated Wireless 
(N.Z.) Ltd. 

Naval Research Laboratory 

Physics and Engineering Laboratory, 
SESBALS 

R.N.Z.A.F. 

H.M.N.Z. Dockyard, Devonport. 


Australasia 
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VISIT THE TRADE EXHIBITION—Open 9.30-6.15 each day 


TE SES I SS AE RR SAA ATT SEE DIT LAE, 


_ SS 


"yon “4daq 
(e4yDey4, 841N}29] 138M07) “inuoB Ayjsiwayy ‘upwy20do “YY 
“yon “UDM “M'O'W 1104201g 'D “EL *sainuanbaiy jyo-yn> 
‘ydaq Asjsimeyy ‘ssoy ‘W ‘yuawysiiqnjsa Aylinoas | 4ia4yf puokeq pup Burysnoid 
*SQUOpOIOGH] |PIWaY0IPHI 104 BP ul adUD]]IeAIns 40} UO | -dDd sainuanbel, yo s4ojsisuDiy 
Jeu, 4sajo2s |ppueudojaAap Ww “DIJOISUL “A‘P"D°D PsowH? gL UY | JHNM B SHA JO UOHDIedo ayy St'S-SS'b 
(44084, 91N}997 48M07) “yon 
"Yon “seq soiskyg ‘sound “uoyBurja "4daq soiskyg ‘4ax900g “Wy 
‘WN “A 7B YOUULPW “Vv ‘d ZN ‘e]Ppurjson2w “gq “y “spol 
*ssojouaueB aBpJjOA ODI *JO4puod afolWas Ul UOH}I} |HUJaZUL PUD I;MpoW 
Jap UDA 40} sulayshs JOspUOD d1u01499}9 — BurjouBbis ApMjIpy | 24seje ainspau of juawdinby OS'b-07' b 
(a44DeY4] 24N}997 419M07) “YdINYMsUYyy “PHT FOL 
“Won ‘W 'V ‘SWIDpY “YP FPL WV 
"udaq soiskug ‘40x]DM “T° *spuauidinba jo Ajiupy spjnpow “MNA “Y8ned ‘fy 
‘punjyony jo AjissaA Dp jo juaudojaaap — juau *S19H]y “D"Y pang 
“1Uf, @Yt FO S21UO1}DIa]a 4D|]INN -dinbs uolypriunuu0>s ajiqow | -lIsIp jo asn pup uBisep ey Sl'b-SP'e 
Vial NOONAGZLAV SP'E-STE 
“UIN “WIDg PUD HIN 4aMoqT 
“wrsd “Aig ABojoiskyg sud|q 
PUD Ad “WOYLOGoY “MM “YF 
“YLON SHIOW “YW “a “J8HqDD “d “M 
uojsialjOg PUD HN}, 18MO7 ‘HOMpBaw ¢'9 
-“wrsq “AIG ABojoiskug fo Ayjopdo>s Buryryims Dp UIA ‘HAH 48M07] “YTS 
4uUDjg pun .Aq ‘wWeYsoqoy uoKpoiiddd joiuod jopuawuUdia "lad ‘upyBuryong =“ T 
eM BoM 9)  SLIOW RaW eee “U2 UD UI SsJalyly2e1 pajjospu0. ‘salpuenbel} ajqipno-qns 4p 
‘soyosBayur yyByAop yw | uoriis Bulsn joryuo> 4aMOd | asn J04 Jayiyjdup sujaupind vy ST'E-SS'T 
"HAH 48M07 
“wrsda “aig  ABojorshud ‘HAH 48M07 
$UB]g PUD 73d ‘HO2S 'G “MVS'Q ‘lad ‘H491°d “YN 
Q UDWIOW "y ‘YW ‘SLOW “YW ‘Y ‘puDppAy “py suopnquysiq Pun siiow “y “y ‘seuor "7 “5 
PelsWoWenbs |DUCHISIP i suoudouos » OgapUubW l“qucc *“SUOISSILUSUDIE “Y°TA 
-uwo BulypoiBayur ajqojyiod vy "Buljsaf @Aijon4ysap-uoN 4O} 4aAI9901 J1YydDdIBoyseds vy 0S'7-07'% 
‘LTT “HAH 48M07 “wud “von 
‘Tad ‘SHIOW “YW ‘YB SII “H ‘4 “MNA “ydeq saishyg ‘uowMog “fF “W 
"248 ‘OD20qGO} ‘poo} ul A}IAWOD "ydaq soiskydq ‘UOXIN “YW “9 ‘Tf “ainponifs 
JO sjaaajy Moy AsaA Bulinspaw *wajqoid “ODI OUIAYY =fO = juauaiNs 
JO} 4ajunod pydjo ajqojiod yw PAHDASIUIWIPD UD sD Ajiiqoey | -DeW 4O} s1Ojs!uayE JO asN aU] SL@-St'L 
HDNet a Of L-Oe ZL 
“NZN& 
‘e190g ‘WwW 3) “| ag “ep 
“PPM “9 “a ‘TAN ‘UOSSIO “H “8 
*, ,UBIDIUYIE} 
eyy pun  jaeulBua = soiuodly 
“29/8 ayy,, — Jeung UOIssnNosiq OfZL-00'Z1 
ven 
4deq ssiskyg ‘BBaj> “f *y 
*SOHISISAIUL) “Z*N U! S21U01499/9 00°ZL-OF LL 
Thy ‘seuiny +] 
*SPESIBAO UOl}DINp|a 21014 
298 ul sjuatudojaaap jueray Of LL-OO'LL 
‘punppny ‘aBajjo> ,siayovay 
Aspuilig 480g ‘Uypegow ‘“f *y 
‘uoHDINpSa Y UuOCYDWO;NY OO'LL-OE'OL 


IPH ulDyw :wooy 81N4I97] 


e1yDeu] 
24N429] 49MOT :WOOY 21Nj20] 


e4yDeuL 


uunH ‘*) ‘f “AW supuIDY, ydesor “gd ‘q “WwW supuHIDYS 21nyo01 seddy :wooy a1nj07 
uolyDoNpy suoljpsiunwwos uosHeqoy ff “pW supudipysy 
$21U0414399]9 tH UOlDeS uiapow tq uo ses Bujpunpy 2ypg ty uo 2a¢ 
Vil ONINYUOW O€O0L-00'0L 
“DYAaN 
$O upuninyy “uUuNnH “yf 


"so1uO1jaja 9 UOl}DINpA 00°0L-Sb'6 

a EE ine OE eS ee rere. 
ONtNaAdO Sv°6-00°6 

LUN 23 Wy Oo ae 00°6-00'8 


ISNONV 44ZL “‘AVGSAINGIM 


FRIDAY, 19th AUGUST 


Section C: Research Section D: Industrial 
Electronics Electronics 
Chairman: Prof. A. G. Bogle Chairman: Mr. E. H. Parfitt 
Lecture Room: Upper Lecture Lecture Room: Physics No. 2 
TIME Theatre 
9.00-9.30 Some applications of  semi- 
conductors in the chemical 
laboratory. 
J. K. Johannesson, A.T.I. 
9.35-10.05 The resonance probe — A new 
plasma diagnostic tool. 
R. P. McGann, Physics Dept., 
UoA. 
10.10-10.40 Measurement of noise in hydro- 


10.40-1100 MORNING 


phone amplifiers. 
J. M. Tricker, NRL, Auckland. 


TEA 


Section E;: Medical 
Electronics 

Chairman: Mr. A. W. Melville 

Lecture Room: Lower Lecture 
Theatre 


Section G: Nucleonics 

Chairman: Prof. E. R. Collins 

Lecture Room: Physics No. 2 and 
Lower Lecture 
Theatre 


A central recording system for 
medical research. 


A. TT. Wallis, Wellcome 
Med. Res. Inst., Dunedin. 
Intensive care monitoring of 


patients following heart-lung 
by-pass surgery. 
G. C. Rust, Physiology Dept., 
Greenlane Hospital, Auck. 


Blood pressure recorder for use 
in. decompression chambers. 
J. P. Senior, Magnetic Obser- 
vatory, D.S.I.R., Christchurch. 


11.00-11.30 


A 40 mhz solid 
power radiometer. 
B. Egan, G. A. Moyle & J. R. 
Irving, School of Eng., UoA. 


state total 


A foetal pulse rate monitor. 
J. B. Cornwall, AIDD. 


The cosmic ray observatory at 
Gracefield. 
K. J. Gough, Inst. of Nuc. Sc., 
D.S.I.R., Lower Hutt. 
(Physics No. 2.) 


(RNZN). The National  Elec- 

tronics Research Council: Re- 

lations between industry and 

government research depart- 
ULT. 


ments. 


11.35-12.05 A broad band antenna array A child-proof hearing aid. 
; for low frequency radio as- C. W. Salmon, National 
tronomy observations. Audiology Centre, Health 
B. Egan, J. C. Lim, B. K. Wee Dept., Auckland. 
& A. Thorley, School of Eng., 
UoA. 
12.10-12.40 A proton precision magneto- The use of linear displacement 
meter. transducer to record the motility 
J. P. Senior, Magnetic Ob- of partial exteriorizations of 
servatory, DSIR, Christchurch. the stomach in sheep and cows. 
D. W. Webster, APS, PI. 
Chem Div., D.S.I.R. 
12.40-1.45 LUNCH 
1.30-2.00 Data transmission and the com- | Semi-conductor diode applica- | Discussion panel — “The train- 
| munication network. tion in modern communications. | ing of electronics technicians.” 
| R. B. Wilkinson, NZPO, D. A. H. Johnson, Electrical | Double session. 
Wellington. Engineering Dept., UoC. F. Stephens, Wellington Poly- 
technic College, M. Jillings, 
A.T.1. 
See ics Physics No. 2. 
2.05-2.35 Digital data telemetry. 
E. R. Grant & A. M. Tait, 
A. M. Tait Ltd., Christchurch. 
2.40-3.10 Peripheral equipment for digital | Colour television systems. Training technical staff for tele- 
computers. : P. E. Rollo & P. Mainwaring, | communications div., DCA. 
A. E. J. Pitchforth, Armstrong NZBC, Wellington. O. W. Martin, DCA. 
& Springhall, Wellington. Physics No. 2. 
3.10-3.30 Asal .ECRAN OcO UN oh E A 
3.30-4.00 Data acquisition facilities for | Television receiver circuitry de- Research at University of Can- 
nuclear physics research at the | velopments. terbury. 
Institute of Nuclear Sciences. J. Howe, EDAC Ltd., Auck- Prof. L. Kay, Electrical En- 
K. A. Bargh & G. J. McCallum, land. (Slade Memorial gineering Dept., UoC. 
Inst. of Nuc. Sc., Lower Hutt. lecture). Physics No. 2. 
4.05-4.35 tis punch equipment for the | Design & development of a | The admittance matrix: A 
automatic recording of data. television tuner to suit N.Z. universal approach to active 
| M. J. Beale and R. A. Morris, | conditions. circuit analysis. 
PEL, Lower Hutt. K. A. Tribble, AKRAD Radio B. Egan, School of Engineer- 
Corp., Waihi. ing, UoA. Physics No. 2. 
4.40-5.10 A data recording system with | The history and advanced de- 
independent channel control. velopment of studio television 
M. D. Johns, Physics Dept., | cameras. 
UoA. R. B. Gordine, AWA (A‘sia) 
| N.Z. Ltd., Wellington. 
8.00 p.m. Discussion led by Cdr G. Beere 


General purpose logarithmic & 
linear count rate meters. 
A. Ross, Chemistry Dept., 
UoA. 
(Physics No. 2.) 


Electronic equipment in radio- 
carbon dating. 
H. S. Jansen, Inst. of Nuc. 
Sc., D.S.I.R., Lower Hutt. 
(Physics No. 2.) 


Abbreviations used in this list: 


APS 242 Animal Physiology 
Section. 
AWA Lea =. Amalgamated 


Wireless A‘sia (NZ) Ltd. 
AIDD _. Auckland Industrial 
Development Division, D.S.I.R. 


All eae Auckland Technical 
Institute. 

DCAtie reer Dept. of Civil 
Aviation 

EDACA- 2 Electronic Develop- 


ment & Applications Co. Ltd. 


Inst. of Nuc. Sc. _ Institute 
of Nuclear Science. 

NRE Eee Naval Research 
Laboratory. 

MOWS® 222 Ministry of Works. 

NZBC he New Zealand 


Broadcasting Corporation. 


NZPOSe aes N.Z. Post Office. 
NZR N.Z. Railways. 
PE. Physics and Engineer- 


ing Laboratory, D.S.I.R. 


Pita Chem, 2Diva 22” Plant 
Chemistry Division. 

UoA pe a University of 
Auckland. 

VoGrer University of Can- 
terbury. 

VUW Victoria University 
of Wellington. 


OPN 
“4deq saiskyd ‘|]2MOH *D “W “d 
*saupjd jips 


WOjf SUOIPOSIUNWWOD suloqily 


“HOH 4eM0T “YI'S'd “Tdd 

*SILIOW “YW "YB 1PHGPD “dM 
*AydosBoyoud jpuen 104 
JapsWO;DAIaju! |OYIBip asidaid w 


"peers Agjsayjep, ‘Apnyysuy pos1uYysZ9ay pun,yINYV IO NOTLLINAG 


*uopBuly 


“12M “PH Dvda “YoeBpid “g 
“BuryBiem 21U01499)3 


‘DIDIYsSAYW “"Ps] 
‘SWOT “d 
*UOl}OJUBWUNAYSU! 

ur Ajiyjpossaa-adorsojji9so | ayy, 


*Atd =x1uosyxay 


‘HOH 48M0T “WTS “Tad 
‘sIOW WY “AY 7B [PHqDD ‘d 
"M ‘240WI40] “S “8IDEq “f "W 

*JO4fu0d jOIJaUINU 
pewuuniBoid Aq Burjyjiw ajyoig 


(ZN u! spippunis 
Aduanbaiy uo uoIssnosiq 
JeuDg DB Aq paMmojjo} aq Oj) 


"puppyonw = ‘unwy20dg “s *y 
*spuppunjs 
aug pun Aduanbeasy uolsidaig 


HOH 48MOT “YTS ‘14d 

*SIIOW “Y “YR SpupYyry “y | 
*syndjno ajdiyjnus YIM 
Jasisayjuds Aduanbaiy jsaou wv 


“HAH 48M07 “UTS “Td 
‘H42/0d “YN 8 SHOW “VW "Y 
*49A19994 
“STA Bupyjroj-asoyd ajqouny v 


“HOY 48M07 
“MIS ‘lad ‘HINg “fF ‘SD 

‘pupjpeZ MAN Ul! suOHOHIysaA 
-urt uoyoBodoid opps ‘yy A 


PH] (Suoypriunuwosajay) akq 
‘pupjyunys *y g AejGuig “H “d 
‘waysks saipeq 
SUuOIpOIIUNWWOD 
peyosBbajur uy 


Asjawiajay = -»=B 
JHN 8% AHA 


*90N “ydeq “Bug jprj99/3 
‘youre “f “H 7 s4e4g “f ‘a 
uBisap findsi> DU014Da]9 
oy siajndwio> yo uoypr\ddy 


‘YHON udjsiaWjDg 
pup HAH 48MOT “AT'S'G 
“aiq ABojoiskyg fud|g puDd 
lad ‘woyroqoy “WM “y pup 
SIIOW “Y "YU ‘18HqDD “d “M 

*sdayjouyuod Ayipiuiny 
pup ainjosadwia, jo Buljpas 
JOu5ip eu, sop wasysks Mau VY 


“Von 

‘SHIH “M “d 
*wajsks DuUd} 
-up afin] D 40} UOlSNpel POG 


"tdaq soiskud 


Vat 


“yon “43deq soiskyg ‘MnYs 
able bea h Mb oki eG PLSELE y Val 
*yind41> 21B0; addy 


yOpgpee, apoip-sojsisuDsp = 


‘yon “4idaq soiskug 
‘Moysuiny “g “f B UPL ‘D ‘Z 
*sapoip jauuN} PpajIeUUO? salias 
JO = SD1SI4a}DOIDYD = udisuDjY 


LV OOrS) 


N OL OUNrdias Lp vy, 


“wd 00's 


Sts-so'p 


OS’ b-0t'b 


Sip-sv'e 
SPE-STE 


STESST 


OS'Z-07 7 


anne | ~isinmScaRinG EEE (es | fF aiken e ie 


‘pupjpeZ MAN 

diy ‘suowwks "3 py ussy “M 
*sypadsp ~uoypBiApu 
oipps — Bulpupy jfuauiniysul 
$O epow yopoiddo Mo ayy 


‘punjpeZ MeN Aly ‘10/ADY °g 
"s1opoauIp 4yBIy pun 4yojid 

-o37nB =— + BHulpupj, juawinajsur 

$O apow yopoiddp mo; ayy 


‘pupjyony ‘JAN ‘seucr °y 
*suiajsAs jOd14 
“20/8 4yDu9IID yO Buysay 44614 


"uosBuryjaM ‘OdZN ‘AessHD “Y 
"SOdIAIaS a}Iqow 
4HA 404 GBurseurBue Aduenbaly 


"Wyrm “dod 

OIPPY GVUAV “eUUdd “YW “Y 
“euoydajay 
ainjoiulm 


“O1ps “HA 


“yon 
“ydaq soiskyg ‘MNYsuiD “g ‘f 

*sepoip 
[4161p 
Buryo4!ms 


jeuuny jo suoiypsijddo 
pup = sdi4st4ayd0410yY9 


HON Ne 


*uoyBuly 


“12M ‘OdZN ‘YOS4e4d IW “L “SO 
*seBupyrxe auoydajay 21U01499]3 


"uopBuyjaM ‘OdZN ‘UCHOW “Y 
“SUOILDJS BADMOIIIW BIO 450d 
‘ZN ul saayopid =apinBaanp 


‘puoppny ‘TYN ‘Seung “fF ‘qd 


*spuauodwo2> 4INDID pans Baju 


‘pypasny “Ag sapolossw 
21U04499,Z "|W" ‘SPHOOD “VW “Y 


*sagauiBue 
40} Buiyndwos jpyi6ip 4sod MOT 


SLs L 
Sv L-Or ZL 


Or ZL-OL ZL 


SOTL"SE LL 


Of LL-OO' LL 


Val 


ONINYOW OOLL-OF'OL 


a ee ee ee ee ee allel, See ee i ee me ee ee ee 


Z ON saisAyg :wooy e1ny07 
uMmojig ssaAuo5 


‘df 4p> Bury supwuipys 
uoHDIAY 
ul s21Uu0442a;9 ty U01>D25 


Z “ON sriskyg :wooYy 24n4207 


HU4Dg “HO AW supwuipys 
$21U04499)9 
JP1ysnpuyl :q uo 295 


“uo 

-BuyjeM ‘OdZN “94H “OD “H 
"suoljojs Jina jo Buiu 
-upjd wajsks jo syoadsp awos 


‘pur 

“y2NY ‘OdZN ‘SUDIF!D “Gd “VW 
*waysAs 20dwo2 
ayy pud syHUl] a]qo2 suliDWIGnNS 


uo} 

“Buje ‘OdZN “4291 “LM 
*siaipeq puDgppoig 
uo = Auoydajay = jauuDyo-yINwWw 


aaypeuy 
31N4}291 48MO7 :WOOY 91043907 
ydesor ‘qd ‘qd “UW supuuipysy 

suolprunWwWwOs 
usispow 2g uo1sD05 


“pupppny THN 446 “ad “1 
‘sayndwios Bulsp44 
Api = 24jsMnoDD) = DDWIOJND UY 
‘piyjpaysnw “Ag sapDIoossy 
D1U0449349 “|W ‘p4OfjN4 “7 
*Buyyndwo>s anBojpun uo 
SOD1AS@P AOS PI]Os JO poaye ay] 


*uojBuly 
“1M “Wrs'ad “Alg saHDU 
-a4yow palddy ‘seucr “M “3 
*BulsauiBua -g aduaids ul siaynd 
-wo2 |oyBip jo suoiporjddy 


eaypeuy 
81ny2e] seddy :wooy 21n4207 
uospeqoy ‘fT “uw supWuIDY 
Buijpuny pyog tw UO1yDa5 


Ov'OL-OL Ol 


SO'OL-SE'6 


0£°6-00°6 
aWiL 


LSNONV 48L “AVGSYNHL 


Ist JUNE, 1966 


IGRAMS 


PL3 SKT3 


— Model Nos. SG 12-28 and SG 12-29 


PL4 SKT4 


R41 c4Q 


220K 1000p 


PL5 SKT5 


22p,. C36 


PICK-UP 


R45 47K 


220K 
3722p 


oscillator by shorting the oscillator trimmer 
to ground. 


b. With the balance control at approx. mid- 
position and the volume control at maximum, 
peak T6, T5 and 14, and in that order, for 
maximum output, adjusting the attenuator to 
keep the output at approx. SOOMW or less. 


The final response is achieved by stagger 
tuning T4 and T5 to give a —6db bandwith 
of 10 Kc/s. 14 is tuned to 457 Kc/s and T5 
to 453 Kc/s and symmetry of response is 
adjusted by T6. 


RF ALIGNMENT 

NOTE: 
Check that the aerial coil, RF coil, and oscillator 
coil gang leads are well separated before 
commencing RF alignment. The calibration 
markers are the long vertical lines stamped 
on the dial reflector and are from right to 
left; 
Datum — 600 Kc/s — 1000 Kc/s — 1364 
Ke/s — 1500 Kc/s. 
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RIGHT HAND 
CHANNEL 


40266 
C44 


dice 


~ eA LEFT HAND 
CHANNEL 
C117 3) 
5305 n9 4 | (9 
eae 11-75 LPI 
= C43 6-5v O3A 
500u 
miele 5 
12K S VT12 O 
ss Xe AC117 PLB SKTS Ee 
make 4 ea fa us2 LP2 
renee 6:5y O3A 


T1-T6 BASE 
VIEWED ON PINS. 


a. Connect the signal generator, through a 100pf 
dummy aerial, to the aerial and earth terminals 
on the printed board. 

_Close the gang and set the pointer to the 
gang closed datum mark on the dial reflector. 
Tune the pointer to the 600 Kc/s calibration 
mark and peak oscillator, RF and aerial coil 
slugs for maximum output, adjusting the 
attenuator on the signal generator to keep 
the audio output at 500MW or less. 

_ Tune the pointer to the 1500 Kc/s calibration 
mark and peak the oscillator, RF and aerial 
coil trimmers for maximum, keeping the audio 
output level at 500MW or less. 

. Repeat steps (c & (d) until no further improve- 
ment in output is obtained. 


100pf DUMMY AERIAL 


100 pt 


Lo Aerial 


15 0H 


From Signal Generator 


TSP 390 


Earth 
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SERVICEMAN’ S 


COLUMN 


Although the advertising boys 
have been quick to seize on the 
magic word ‘transistorised’ the 
plain fact is in one case the inclusion 
of a single transistor alone justifies 
the use of this term. In another 
case the two transistors allow the 
claim ‘hybrid’ to be used. Under 
the circumstances perhaps one may 
be pardoned’ for wondering 
whether there is any sound tech- 
nical reason for including one or 
two transistors in an otherwise all 
valve design. 

In the accompanying diagram 
which illustrates the sound section 
of one new model, it will be 
noticed the use of a transistor in 
the sound |.F. section is only one 


LEGEND p =picafarads 
nm =nanofarads 
AM = microfarads 


QA90 Video Detector 


L28 


by J. WHITLEY STOKES 
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In that transistors have begun to make their appearance in locally 
produced TV receivers perhaps a few words on the subject may not be 


amiss. 


Even readers not engaged in the servicing business may be 


interested in learning a few details of current practice. 


use of a transistor and the use of 
reflex amplification as the tran- 
sistorised stage operates as a 
straight amplifier. 

If | may digress for a moment 
| think | am echoing the thoughts of 
most servicemen when | say that 
if there was one feature encount- 
ered in radio receiver design which 
incurred universal damnation it was 
reflexing. Although it was used 
by one N.Z. manufacturer, reflexing 
never became popular in_ this 
country even though it was widely 
employed in Australia in the late 
thirties. At this time reflex ampli- 
fication was used as an economy 
measure to produce a cheap 4 valve 
receiver with the normal I.F. stage 


260V 


generation who may otherwise be 
under the impression that reflexing 
is a new technique. As a corollary 
of this a word or two on “how it 
works” may be in order. 

Referring to the diagram the 
starting point is the sound take-off 
at L31 which performs the usual 
dual function of sound trap to the 
video amp. grid and first sound 
|.F. transformer. Thence to the grid 
of the pentode section of the PCL86 
sound output valve which forms 
one half of the single-ended push- 
pull output stage. This is where 
the fun starts for as can be seen 
the main function of the PCL86 in 
conjunction with the PL84 is that 
of an A.F. power amplifier. How 


ar ie 260V 12 125V Circuit illustrates the sound section 

o Vide , 

A Amp. of new model which features a 

u31 230V 250V rf F e 
transistor in the sound I.F. section 


pus Sound Take-off and also reflex amplification. 


new departure. This other feature, 
which is in itself not a new develop- 
ment but rather the recent applica- 
tion of a very old technique, goes 
back to the early beginnings of 
radio. Servicemen will be inter- 
ested (or horrified?) to see that the 
ancient and supposedly long dead 
and buried technique of reflex 
amplification has been resurrected 
and employed in connection with 
the sound section. In this case 
there is no connection between the 


doing double duty as an A.F. ampli- 
fier as well. For the historically 
minded it may be mentioned that 
the history of reflex amplification 
goes back long before the develop- 
ment of the superheterodyne prin- 
ciple. Some of the first commerci- 
ally built receivers of the early 
twenties were of the reflex variety 
using valve amplifiers in conjunc- 
tion with a crystal detector. These 
remarks have been included largely 
for the benefit of the younger 


then can they also handle the 5.5 


Mc sound |.F. signal? Ignoring for 
the moment, the A.F. functioning 
of this stage and the loudspeaker 
connection we find the 5.5Mc signal 
together with audio appearing at 
the PL84 plate. Normally the 
unused A.F. at this point is by- 
passed by the electrolytic filter con- 
denser in the power supply but in 
this case it is necessary to “save” 
the IF signal first. This is done by 
inserting the primary (L:) of the 
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second sound |.F.T. in the plate cir- 
cuit and due to the almost zero im- 
pedance of this coil to audio it has 
no effect on the A.F. functioning of 
the PL84. L2 forms the secondary 
of the I.F.T. which is coupled to 
the base of the AF126pnp_tran- 
sistor connected in conventional 
common emitter configuration. 


The signal then passes on to a 
normal ratio detector after which 
it of course becomes audio fre- 
quency. Next via the volume con- 
trol to the grid of the triode section 
of the PCL86 connected as a 
familiar grid leak biassed A.F. volt- 
age amplifier stage. Now the signal 
arrives back at the point where it 
started off—the grid of the PCL86(P) 
— but nothing daunted continues 
on its merry way for a second time 
through the output stage, this time 
as A.F., and ends up as sound for 
the speaker. Briefly, the output 
stage performs the dual and simul- 
taneous function of I.F. and AF. 
amplification. Got it? 


That it is able to do this is due 
to the wide separation in frequency 
between the two signals which 
allows circuit constants to be chosen 
which respond independently to the 
two different signals. Even so the 
overall gain is less than if two 
separate stages are used. 


Seems | started off on ‘transistor- 
isation’ but got side tracked, so now 
for a brief review of another model 
employing two transistors. In this 
case one transistor functions as the 
second stage of a two stage IF. 
strip with the remaining transistor 
forming a single stage sound I.F. 
section coupled to a quadrature 
detector. 


The above two models un- 
doubtedly indicate the shape of 
things to come and it is likely that 
transistors will continue to be in- 
creasingly used in TV receivers just 
as they are now also making their 
appearance in new model stereo- 
grams. 
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LISTENING POST 


by michael lawrence 


A YOUNG AUSTRALIAN DX CLUB 


Starting in December 1964 as the Sydney branch of the N.Z. Radio 
DX League, the Australian Radio DX Club became independent just over 
a year ago and has a membership which is gradually approaching 100. 


The club caters for all types of 
DX — medium wave, shortwave, 
amateurs and utilities and a separate 
section is devoted to each of these 
in the impressive monthly magazine 
“Australian DX News” along with 
items of general interest to every- 
body. The copy sent to me con- 
tained 18 quarto size pages each 
containing information as good as 
can be found in any other club 
magazine. 

As well as the magazine the club 
also compiles a DX programme 
called “World at Your Fingertips” 
which is broadcast over 3NE Wan- 
garatta (1600 kc/s) at 1235 GMT on 
Sundays. 

Annual subscription rates for the 
club are $A2 or NZ 16/- for surface 
mail postage of the magazine and 
$A3 or £NZ1/4/0 for airmail post- 
age. 

The address for the club is Aus- 
tralian Radio DX Club, P.O. Box 
E73, St. James, N.S.W., Australia. 


STATION NEWS 


NEW ZEALAND. The schedule of 
Radio New Zealand to become 
effective on 4th September is:— To 
Pacific Islands: 1700 - 1945 on 6080 
and 9540; 2000 - 0545 on 11780; 
0600 - 0845 on 6080 and 9540. 
To Australia: 2000 - 2230 on 9540; 
2245 - 0545 on 15110; 0900 - 1145 
on 6080 and 9620. To Antarctica 
on Sundays: 0815 - 0845 on 6080. 
INDIA. After suffering some severe 
interference to 11905 for their trans- 
mission to Australia and N.Z. from 
2045 - 2230, All India Radio have 
changed frequency to 11930. How- 
ever, this channel experiences some 
interference and reception is usually 
fair - poor. 

NORWAY. The trend towards 
greater usage of the higher fre- 
quencies with the increasing sun- 
spot numbers (the June count was 
46.4) is reflected in the schedule 
of Radio Norway which comes into 
use on the Ist October:— 

To North America and the Pacific: 
0300 - 0430 on 9550, 9610, 11850; 
To the Pacific and East Africa: 0745 
- 0815 on:11850, 15175, 17825, 


21670, 25900; To the Far East, 
Australia, New Zealand and Europe: 
YHOO =-12390" con® +7 240; 15175, 
17825, 21670, 25900; To Eastern 
USA, South America, India, Indo- 
nesia and West Australia: 1300 - 
1430. on. 151752. 17625,..2.1670; 
21730, 25900; To Greenland, North 
and Central America and Africa: 
15007] 3l630,.0n 151755412925; 
D1 G10 202 1730-2 90047 Low East 
Europe, Mediterranean, Africa and 
South America: 1700 - 1830 on 
Lol heal 7025, 9216/04, 21730, 
25900; To the Pacific, Africa and 
South America: 1900 - 2030 on 
D1 B5O elo foe br o20,- 8. 21070, 
21730; To Eastern USA and South 
America: 2100 - 2230 on 11850, 
15175, 17825; To Eastern USA, Cen- 
tral and South America: 2300 - 0030 
on 9550, 9610, 11850. 


SWEDEN. The Swedish National 
programme is transmitted over 100 
kW transmitters to listeners in 
Europe, the Middle East, Far East, 
Africa and the Atlantic as follows: 
0445 - 0900 and 1730 - 2130 on 
6065; 0900 - 0930 and 1120 - 1215 
on 9625. 


FRANCE.  Radiodiffusion-Television 
Francaise can currently be heard at 
0600 on 9620 and 5960. At 0800 
a programme can be heard on 9620. 


GERMAN FEDERAL REPUBLIC. Eng- 
lish language’ transmissions to 
Australia and New Zealand from 
Deutsche Welle can be heard as 
follows:— 0845 - 0945 on 17845, 
15275 and 11905; 2110 - 2200 on 
9685 and 7290. 

U.S.A. The'Voice of America beams 
the following English language 
transmissions to the Far East:— 1330 
- 1630 on 5975; 0900 - 1530 on 
5985; 0900 - 1630 on 7165; 0900 - 
1130, 1200 - 1230, 1300 - 1330, 
1400 - 1415, 1600 - 1630 on 9565; 
1400 - 1630 on 9605 and 9615; 
0900 - 1530 on 9665; 0900 - 1630 
on 11735; 0900 - 1100 on 11775 
and 11790; 1330 - 1630 on 11850; 
0900 - 1230 on 15120 and 15130; 
0900 - 1000 on 17820. 

All times are in GMT and 
frequencies in kilocycles 
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Some Aspects of Transmission Lines for 432mhz 


By |. Spackman. ZLIMO 


Many U.H.F. workers have wanted to install an antenna at some 
distance from their equipment to endeavour to attain improved coverage. 
One of the main problems has been to find a transmission line which is 
not going to dissipate a large proportion of the power before it arrives 


at the aerial system. 


On transmission this problem 
can be overcome to a certain extent, 
by increasing the power input to 
the transmitter, within practical 
limits. On reception, however, the 
signal energy which is lost, is not 
recoverable, and consequently the 
receiving system is degraded in 
sensitivity, and noise figure, by the 
attenuation of the transmission 
line. This problem can be overcome 
by the installation of some form of 
antenna pre-amplifier, but this also 
complicates matters because trans- 
mit-receive switching of the cable 
requires a relay and _ associated 


supply voltages to be provided at 
the antenna, both for relay and pre- 
amplifier. 


ELECTRIC OUTER 
FIELD LINES CONDUCTOR 


+ ee ae _ 


+ 


CENTER OUTER CONDUCTOR 


CONDUCTOR 


Figure 1 
Pattern of charges and imaginary symbolic 
electric field lines on ordinary coaxial cable. 


The attenuation factor of coaxial 
cable per 100 feet is quite signific- 
ant. Typical figures for a good 
quality + inch diameter 70 ohm 
solid dielectric cable are in the 
vicinity of 5 dB. per 100 feet, at 
432 mhz., when new, and if the 
line is correctly matched. This is 
possibly the only disadvantage of 
such cable as it generally is quite 
rugged, both electrically and 
mechanically. It will stand the 
ravages of weather well if correctly 
installed, and can be allowed to lie 
against or even wrap around an- 
tenna supports without causing any 
significant change in its characteris- 
tics. 

The various makes of 300 ohm 


twin lead are quite inexpensive and 
their advertised losses look good on 
paper. However, these figures do 
not hold if the line is wet, and even 
the tubular forms of 300 ohm cable 
show quite large variations of im- 
pedance and markedly increased 
loss under such conditions. 

From consideration of all facts 
and figures, it at first appears that 
twin open-wire line is the answer 
to all the problems. The book 
figures for attenuation per 100 feet 
at frequencies up to 500 megacycles 
look very inviting, but these do not 
tell the full story. The claimed 
results can only be obtained from 
open-wire line constructed from 
large conductors, very closely 
spaced, to reduce the loss from 
radiation direct from the line. The 
wires must be supported and held 
apart from each other with the 
minimum number of spacers, and 
these should be fabricated out of 
material suitable for the frequency 
in use. There must not be any 
sharp bends in the line, and it must 
be supported so that it remains 
balanced with respect to ground, 
and adjacent buildings. 

One type of line which has not 
been used much in this country is 
the “G-line’” so named in honour 
of G. Goubau, a. German born phy- 
sicist who developed it in 1958, 


CONICAL HORN LAUNCHER 
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while working at Fort Monmouth in 
the United States. 


This line, although a little more 
difficult to construct initially, is pro- 
bably the cheapest to construct if 
long runs of transmission line are 
required. It is superior to open wire 
lines in performance providing it is 
installed correctly. Most workers 
are aware that such a line exists, 
but not a great deal of information 
about it has been available. 


The “G-line” is a simple system, 
consisting of a _ single insulated 
wire, which when excited by the 
cone shaped “launching” termina- 
tions, has very low loss, which does 
not change markedly with  fre- 
quency and is not greatly affected 
by moisture. To secure this per- 
formance, the line must not make 
any acute bends and must be kept 
clear of surrounding objects by at 
least half a wavelength at the work- 
ing frequency. 


Why is insulation needed 
on the line ? 

Some readers will say — why 
is the wire insulated? Air is con- 
sidered to be the best insulator, and 
providing the wire is clear of all 
surrounding objects, it should only 
require insulating at the ends. To 
answer this question, first let us 
examine the electric field within a 
longitudinal section of solid dielectric 
coaxial line (see Fig 1). If we could 
see this field we would find that 
the field lines exist between centre 
conductor and outer shield, chang- 
ing polarity at every half wave- 
length at the operating frequency 
throughout the length of the cable. 
These regions of electric field also 
seem to progress along the cable at 
a speed somewhat more than half 


ELECTRIC FIELD LINES 


Figure 2 

Gradually 
transforming coaxial cable to ‘‘G-line’. One 
launcher is required at each end of the 
“G-line’’. 


expanding outer conductor 
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the speed of light. (The ratio of the 
velocity of the wave through the 
dielectric, to the velocity of the wave 
in air (strictly a vacuum) is called 
the velocity factor — for standard 
coaxial cable this is about .6). 

If instead we gradually increase 
the diameter of the outer shield, the 
electric field now encounters a 
region where the overall dielectric 
is partly air, and partly lower velo- 
city factor dielectric material (see 
Fig'2): 

The speed of propagation of the 
energy now comes under the influ- 
ence of two different materials, and 
the centre of the wave front pro- 
duced by the electric field is re- 
tarded whlst the outer regions pro- 
pagate at normal speed. _ This 
causes the wave front to curl in- 
wards towards the conductor, and 
consequently does not move out- 
wards away from the line. 

If we continue this process, gradu- 
ally making the outer conductor 
larger and larger, the electric field 
remains bent inwards in the form 
of an arc, causing regions of oppos- 
ite charge to occur along the same 
conductor. Thus the electric field 
becomes imprisoned by the one 
conductor, whereupon the expanded 
outer conductor becomes unneces- 
sary and can be omitted. 


A 
a 
eg 
has 
A 

=| 
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CONICAL HORN 


FLAT DISC 


Figure 3 


In practice the enlarged portion 
of the outer conductor is called a 
launcher. A complete transmission 
line requires one launcher at each 
end of the line. Theory states that 
these launchers should be about 2 
to 3 wavelengths long and ex- 
ponentially shaped, but in practice 
a conical shape works almost as 
well, whilst being much easier to 
fabricate. Some workers have taken 
the construction of the launcher to 
the extreme (see Fig 3) — that of 
a flat disc of similar size and re- 
ported only a small increase in loss. 
No matter how small this loss is, 
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however, in many cases if cannot 
be tolerated. 


What kind of insulation is required? 

Once against theory states that 
the diameter of the single conduc- 
tor measured over the insulation 
should be at least twice that of the 
wire conductor itself. Good quality 
plastic preferably of polythene or 
similar material should be used if 
possible. Rubber type insulation 
materials are very prone to loss and 
should not be used. 

The characteristic terminating im- 
pedance of a G-line is reported by 
some workers to be in the vicinity 
of 300 ohms, but others have fed 
the system with 72 ohm coaxal 


cable and not reported any signific- 
ant loss. One way to convert the 
usual 70 ohm cable impedance to 
one of about 300 ohms is to use a 
quarter wave coaxial matching 
section of about 150 ohms imped- 
ance between the end of the coaxial 
line and the apex of the launcher, 
which could be made of the same 
diameter as the outer conductor of 
the quarter wave matching section. 


REFERENCES: 
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“Principles of Aerial Design,’ by H. Page. 
“The Radio Amateurs’ V.H.F. Manual,” by 
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“The G.-Line,’” by O. G. Patrick, ‘‘Radio- 
Electronics,’ Feb. 1964. 

“The R.S.G.B. Amateur Radio Handbook.” 
A number of other letters and papers are 
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nas and Propagations Group of the I.E.E.E. 


Notes from the Australian Scene 


Australia will be able to receive 
television programmes from the 
United States next year, accord- 
ing to the director of advanced 
planning for International Tele- 
phone and Telegraph in Australia. 

By 1970 he claims, the cost of 
maintaining satellite systems and 
ground stations will be no greater 
than that for underground or sub- 
marine cables. Next year, a 
stationary relay satellite will be 
launched ideally suited for com- 
munications between Australia 
and the United States. 

However, the initial cost to tele- 
vision broadeast stations,  esti- 
mated about £1,600 per hour, will 
prohibit any but important news 
programmes being relayed. 

The company held a conference 
in Sydney attended by delegates 
from all over the world. The main 
topic was satellite communication. 


By comparing the number of 
additional telephone subscribers 
connected each year, with the cost 
of additional exchange plant, etc., 
the Australian PMG Department 
have calculated that it costs them 
£556 to connect each individual 
subscriber. 


Australia’s first earth satellite, 
Australis, is being designed and 
assembled in Melbourne — by 
amateur radio operators. 

It will weigh 35 pounds and is 
expected to be launched by the 
U.S. at the end of this year. Co- 
operating in the project are the 
Wireless Institute of Australia, 


Melbourne University  Astro- 
nautical Society and Melbourne 
University Radio Club. 

The Australian Supply Depart- 
ment have offered test facilities 
in Melbourne and Salisbury. It 
is powered by chemical batteries 
with an operational life of three 
months. 

Recording stations are to be 
spread across 50 square miles of 
Australian desert in an attempt to 
discover the source of cosmic rays 
and to measure their energy. 

When completed, this system 
will be largest in the world doing 
research into cosmic rays. Plans 
are being made by Cornell Uni- 
versity and the University of 
Sydney. 

Buried in the ground at each 
recording station will be the re- 
cording equipment consisting of 
two liquid scintillators to detect 
particles from high energy nuclear 
interactions in the atmosphere. 
The equipment is said to be so 
sensitive it can measure to 0.1 
microseconds. 

Eventually an array of aerials 
will be dotted across the country- 
side around the town of Narrabri 
— already well known in scientific 
circles because of the stellar in- 
tensity interferometer built there 
in 1960 to measure angular dia- 
meter of stars. 

Finances for the project will 
be supplied by the U.S. Air Force 
and will amount to £100,000. Pre- 
liminary work has started on a 
laboratory base and the whole pro- 
ject may take as long as five years. 
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FIRST NEW ZEALAND ELECTRONICS CONFERENCE 


Some abstracts of the eighty papers being presented 


RELIABILITY FROM THE STANDPOINT OF MANUFACTURER 
AND USER 
J. E. Nixon, Victoria University of Wellington 
Reliability must not be left to individual conscience 
and experience. Unremitting vigilance is required 
from management, maintained by a strict routine 
which ensures that:— 

(a) proven circuitry and mechanical design are 
employed — novelty must be justified, 

(b) it is informed of design weaknesses before 
change becomes prohibitively expensive, 

(c) component selection is based on worst case 
design and adequate component types, 

(d) handbooks, circuit diagrams, colour coding etc. 
give maximum assistance, 

(e) effective feedback from Test and the user is 
established and a continuing record of each 
design maintained. 

Intending purchasers should satisfy themselves that 

the manufacturer has adopted controls such as these. 


AN 18 CAMERA CCTV INSTALLATION FOR SURVEILLANCE IN A 
SECURITY ESTABLISHMENT 
T. G. Procter, Ministry of Works, Wanganui 

The paper describes the C.C.T.V. installation at the 
Maximum Security Villa, Lake Alice Hospital, near 
Marton. There are 2 unattended cameras in each of 
4 corridors, which vary in length from 130’-173’, and 
in each of 5 rooms sized 25’ x 25’ and 41’ x 30’. 
Images are presented continuously on 4 pairs of 
monitors located at a control desk in a watch room. 
The watch attendant selects cameras in pairs for view- 
ing by depressing associated push buttons. These 
actuate switching relays. 

Standard industrial type cameras and monitors are 
used. The paper deals with their application to the 
particular installation not with their design. 


THE GRACEFIELD COSMIC RAY OBSERVATORY 
K. J. Gough, Coombe St., Wellington 

The paper describes electronic aspects of the cosmic 
ray observatory which has been recording the diurnal 
variations in cosmic ray intensity at Gracefield for 
several years. The problems involved in an automated 
observatory of this type, and the comparitive merits of 
alternate means of recording are discussed. 


A PORTABLE ALPHA COUNTER FOR MEASURING VERY LOW LEVELS 
OF ACTIVITY IN FOOD, TOBACCO ETC. 
F. H. Ellis and R. A. Morris 
Physics and Engineering Laboratory, Lower Hutt 
This paper describes a portable instrument designed 
to measure the alpha activity of foodstuffs and other 
materials. It does this by detecting the scintillations 
produced in a zinc sulphide screen by the alpha 
particles. The screen is viewed by a 5” photomultiplier 
tube and the output pulses are amplified and counted 
by transistor circuitry. Some information on the source 
of the particles is obtained from a measurement of the 
time separation of double pulses. The spurious back- 


ground count is less than one per hour. The instrument 
is powered by four lantern batteries which will give 
several days of continuous operation. Normally these 
are ‘floated’ across a small mains unit giving an 
indefinite life. 


ELECTRONIC TELEPHONE EXCHANGES 
G. T. McPherson, New Zealand Post Office 


Present telephone exchange systems operate on an 
electro-mechanical basis, which has over the years 
reached a high state of development. However, the 
advent of commercially cheap and very reliable elec- 
tronic devices, notably semi-conductor elements, has 
ushered in a new era in telephone switching develop- 
ment. 

The Paper wil! describe current developments in 
electronic exchanges, with particular emphasis on the 
first commercially viable small-to-medium size system, 
which has been developed in the U.K. for use in the 
public network. This system utilises a reed relay space- 
divided switching path controlled by electronic common 
equipment, and is of the type that has been ordered 
for the first electronic exchange in New Zealand. 
Advantages of electronic over electro-mechanical 
systems will be covered, with a description of the 
reed relay switching matrix and the common control, 
which utilises specialised computer-type storage and 
logic techniques, and comprises the “brains” of the 
exchange. 


SOME ASPECTS OF SYSTEM PLANNING OF EARTH STATIONS 
H. G. Arthur, New Zealand Post Office 

Much information is available on the design, launch- 
ing and orbiting of satellite vehicles but the design 
and construction problems of that most necessary 
adjunct, the earth station, are not so well documented. 

In giving some notions of the system design issues 
involved the author discusses the basic telecommunica- 
tions standards to be met by any system, the choice 
of frequency spectrum most suitable for satellite com- 
munications, and how these factors influence the choice 
of antenna system, transmitter power and receiver 
performance. Some related aspects of earth station 
design are also discussed. 


THE MEASUREMENT OF NOISE IN HYDROPHONE AMPLIFIERS 
J. M. Tricker 

Necessity for the measurement and comparison of 
noise in low noise low frequency transistor amplifiers 
led to the use of two methods of noise evaluation, 
namely Noise Figure and Equivalent Input Noise Volt- 
age. The concept of noise figure and its application to 
transistor amplifiers is discussed together with a 
method of measuring this parameter. The use of the 
equivalent input noise voltage is shown to be a more 
useful parameter where capacitive hydrophones are 
used as a generator. A method of measuring this 
parameter is given. 
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TELEVISION RECEIVER CIRCUIT DEVELOPMENTS 
J. H. Howe, EDAC 


A brief outline is given of developments in TV 
receiver circuits in this country since the introduction 
of TV broadcasting. A review of present overseas 
trends in the hybridization and transistorization of re- 
ceivers indicates probable developments in the near 
future in this country. Colour receivers in the U.S.A. 
and Japan, operating on the already established NTSC 
system for colour reception, are briefly reviewed and 
the variations to provide reception on alternative colour 
systems are enclosed. Future development in these 
receivers, with an assessment of the form in which 
colour TV receivers might be introduced here, are 
considered. 


PROFILE MILLING BY PROGRAMMED NUMERICAL CONTROL 
M. J. Beale, S. Lattimore, W. P. Gabriel and R. A. Morris 
Physics and Engineering Laboratory, Lower Hutt 


This paper describes an electronic control system 
for a two dimensional vertical milling machine.  In- 
formation on the desired profile of the finished work 
piece is placed on eight hole paper tape in the form 
of a series of commands and measurements. This 
information is processed in the control circuits to pro- 
duce two pulse trains with variable repetition rates. 
It is the rates of these pulse trains which determine 
the X and Y velocities of the table of the machine. 
At the present stage of development the system is 
capable of machining straight lines and sections of 
circular arc. 


COMMUNICATIONS USING VLF RADIO SIGNALS 
G. J. Burtt, Physics and Engineering Laboratory, Lower Hutt 


VLF Radio is used extensively throughout the world 
for naval communications with submerged submarines, 
for the propagation of time signals and standard 
frequency information, and for position fixing navi- 
gational aid systems. 

The advantages of VLF for these purposes are con- 
sidered. The techniques which can be used are dealt 
with in relation to the requirements for various 
purposes and in the light of present day knowledge. 
' Current programmes of research are directed towards 
a fuller understanding of the mechanism of propaga- 
tion, and will probably help in developing these 
techniques. They will also help to define more 
thoroughly the limitations of accuracy and reliability 
under various operating conditions. 


THE OPERATION OF V.H.F. & U.H.F. TRANSISTORS AT FREQUENCIES 
APPROACHING AND BEYOND THEIR CUT-OFF FREQUENCIES 


Irving H. Spackman, Chemistry Dept., University of Auckland 

This paper summarises the developments of the 
past five years in the application of V.H.F. and U.H.F. 
transistors, and discusses some of the techniques used 
to extend the operating frequency of some readily 
available types up to, and beyond their normal cut-off 
frequencies. 

The use of, and comparison between, common base 
and common emitter amplifier configurations at these 
frequencies is considered, with particular reference to 
noise figures, overall gain, stability, and overload char- 
acteristics. The operation of transistors in “Transit 
Time conversion” and “parametric” modes, is also 
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described. This leads to discussion of R.F. power 
generation in such semi-conductors at frequencies from 
V.H.F. to Microwaves and comparison is made between 
“Transistor Parametric’ frequency multipliers and 
conventional ‘“Varactor Diode” multipliers. 


A MINIATURE VHF RADIOTELEPHONE 
R. A. Pannett, AKRAD Radio Corp..Ltd. 


A personal portable radiotelephone has been de- 
veloped which is proving its effectiveness on Industrial 
sites and in use by Civil Security Services in Britain. 
The value of this equipment lies in its compactness 
and light weight, freedom from noise and interference, 
and particularly in the penetration of its low power 
VHF signals in built-up areas and heavily screened 
locations where communication at longer wavelengths 
is impossible. 

Salient features of the transmitter and_ receiver 
circuits, designed in accordance with contemporary 
spectrum conservation requirements are described. 
Results of field trials with this equipment in Auckland 
city are quoted. 


DESIGN AND PRODUCTION OF A VHF TELEVISION TUNER TO SUIT 
NEW ZEALAND CONDITIONS 
K. A. Tribble, AKRAD Radio Corp. Ltd. 

A new tuner unit is described which combines sim- 
plicity and high reliability. The basic requirements to 
suit New Zealand conditions are first outlined and 
then a detailed analysis of various methods of obtain- 
ing the required bandwidth together with attendant 
problems such as neutralizing, oscillator injection and 
oscillator radiation are given. It is shown that the 
new high transconductance frame grid valves now 
available result in superior performance and lower 
cost, particularly as regards the R.F. amplifier where 
a neutralized triode is finally chosen. Different methods 
of oscillator fine tuning are evaluated in relation to 
frequency drift, temperature compensation and 
mechanical stability. The translation of all the required 
technical features into a finished unit suitable for 
mass production is described in detail and various 
performance figures thus obtained are given. Finally 
the various production methods used are outlined 
and photographs are shown of some of the more 
intricate assembly points. 


POWER CONTROL USING S.C.R’s IN AN ENVIRONMENTAL CONTROL 
APPLICATION WITH A SWITCHING CAPABILITY OF 0.5 MEGAWATTS 
W. P. Gabriel, R. A. Morris and R. W. Robotham* 

Physics & Engineering Laboratory, Lower Hutt 
*Plant Physiology Division, Palmerston North 

Research at the Plant Physiology Division, D.S.I.R., 
is to be assisted by the production of controlled 
climates in 25 rooms. The controlled quantities are 
temperature, humidity, lighting level, and CO: content. 

The use of silicon controlled rectifier (thyristors) in 
controlling some of these quantities is described. The 
large number of control units in the project, and the 
high total power to be handled, have led to some 
interesting problems in S.C.R. technology. The 
application of S.C.R’s in climate control is described, 
with some discussion of malfunctions and interference. 
The performance of pilot plant currently in operation 
shows that control by solid state devices shows re- 
liability and versatility. 


Ist JUNE, 1966 


RADIO, ELECTRONICS AND COMMUNICATIONS 


30 


ISJOAIUF) OU} ‘puejeaz MeN ny yp L S qd aun 1g q 7 N : 

uy Aq yom juawidojevep pue Yyoieesal jeljuasse 
4JOj, puejeez7 MaN ‘ul pesn suieq Juesaid je Si JuOW 
_ -dinba isely 9 Jeng “‘Swajsds pue SjusluNjsul Jeely 
yy jenig Aq papsooes pue pashjeue ‘pjom ay} jnoYSnosU) 
2 ON Us Hens pue |9Ad} UO!}eIGIA ‘|B8AB] PUuNOS 


ENQUIRY CARD AD. 12 


Ist JUNE, 1966 


RADIO, ELECTRONICS AND COMMUNICATIONS - 31 


Accuracy Specifications For 


Measuring Instruments 


Whenever a measuring  instru- 
ment is to be bought, various points 
— measurement range, versatility, 
ease of operation, size, weight and 
price — must be considered, which 
assume different importance in 
every individual case. The manv- 
facturer’s reputation may also carry 
weight in estimating trustworthi- 
ness, reliability and dependability 
of an instrument. 


The most important criterion is, 
however, accuracy. It is obvious 
that precision measurements require 
precision instruments. If the re- 
quirements are modest, a highly 


“accurate instrument is uneconomical 


‘Since accuracy costs money. Never- 
theless a precision instrument is 
often preferred since it saves time 
by dispensing with tedious error 
calculation, imparts confidence in 
its reliability, and also includes a 
margin for more exacting measure- 
ments. 


The manufacturer specifies the 
accuracy of his instrument in the 
data sheet. The error to be expected 
in the most adverse case, written as 
“error< + a%” or “error limits = 
+ a%, has long been used as a 
measure of accuracy. The speci- 
fication of accuracy in numerical 
values is problematic if information 
on the positive or negative char- 
acter is to be included. The figures 
would have to be near 100% and 
values above 100% would make no 
sense. On the other hand it is 
illogical to speak of accuracy when 
quoting the error, as is done occas- 
ionally. 


The manufacturer will formulate 
the error limits with adequate 
caution to anticipate complaints 
which might have an adverse effect 
on his reputation. It would, how- 
ever, be unwise to be unduly care- 
ful and present the product in a 
less favourable light than necessary. 


* Courtesy Rohde & Schwarz 


by J. Petersen* 


The facts should always be stated 
accurately; this requires, however, 
careful and comprehensive tests 
before a product is released for 
general sale. Since these tests can- 
not be made on an instrument still 
in the stage of development, it is 
common practice to specify tenta- 
tive error limits in order to avoid 
misunderstandings. 


When looking through data 
sheets, the buyer wishes to find 
comparable specifications enabling 
him to make quick and_ suitable 
comparisons with competitive equip- 
ment. Efforts have therefore been 
made to establish national and _in- 
ternational rules for the specifica- 
tion of technical data and errors. 
The VDE (association of German 
electrical engineers) is working on 
this problem and also the IEC (In- 
ternational Electro-technical Com- 
mission) on an international level. 


The task of these committees is 
not easy for various reasons: 


© Firstly the abstract concept of 


“electronic measuring instrument’ 
must be developed from a great 
number of existing electronic mea- 
suring instruments serving the 
most varied purposes. 


® Secondly, electronic measuring 
instruments are mostly more com- 
plex than, say, electrical measuring 
equipment and therefore more 
difficult to depict. Many of their 
characteristics cannot be described 
by one figure. For instance, in 
order to characterize the output 
signal of a signal generator infor- 
mation must be given on frequency, 
voltage, waveform, modulation, 
distortion and signal-to-noise ratio. 


@ Thirdly, interactions may exist be- 
tween the operational quantities 
determining a characteristic. A 
typical example is the frequency 
response, i.e. the dependence of, 
say, an output voltage or the sen- 
sitivity on frequency. Reaction of 
external conditions must also be 


expected, in the case of a signal 
generator, for example, a variation 
of the adjusted frequency or of dis- 
tortion resulting from changes of 
the load. 


®@ Fourthly, electronic measuring 
instruments are subject to a great 
number of varying ambient con- 
ditions which may influence their 
errors. Proposed lists of factors to 
be observed include supply volt- 
ages, climatic conditions, external 
magnetic fields, radioactive radia- 
tion, etc. Time can also be con- 
sidered as an ambient influence 
covering all phenomena of instabil- 
ity and aging. 

Faced with this multiplicity of 
problems, standardization, in itself 
a complicated procedure, progresses 
slowly and up to now has hardly 
passed the stage of recommenda- 
tion drafts. It is, therefore, too 
early to use international standards 
or even to discuss them publicly. 
A few basic considerations will, 
however, be briefly outlined. 


A data sheet should contain all 
the technical data that are import- 
ant for the use of an instrument 
and that can be measured or 
checked externally including their 
tolerances. Data given without 
specification of tolerances merely 
show the order of magnitude; if 
they or the term “approximately” 
sometimes accompanying them 
were to include the notion of a 
given range of spread (e.g. + 10% 
or + 50%), as is sometimes assumed 
by readers, this range would have 
to be stated as tolerance. 


The tolerances (T) are divided 
into errors (Fo) existing under 
nominal conditions and variations 
(AF) of these errors due to permis- 
sible deviations (Axi) of individual 
influences from their nominal 
values within the range of applica- 
tion. Tolerance is thus defined like 
a total differential by partial deriva- 
tives: 


T= fo + AF 
AF AF 

= Fo + — A x + ——$- Axe +... 
AX AX2 


The errors existing under nomi- 
nal conditions, i.e. at fixed values 
or within fixed ranges of the AC 


supply voltage, AC supply fre- 
quency, temperature, warming-up 
period, calibration frequency, 
nominal lead, etc., constitute the 


real inaccuracy of an instrument re- 
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What’s so 
different 
about ATC 


products? 


These products are the re- 
sult of sound design, wide 
experience, technical know- 
how, quality control, 
coupled with the desire to 
help with nidividual pro- 
blems as well as manu- 
facture stock lines. 


You have known us as 
transformer manufacturers. 
But did you know our range 
includes this new series of 
CONSTANT VOLTAGE 
TRANSFORMERS, which are 
suitable where mains volft- 
: age variations must be over- 
rat wars Mee come to give constant 
se cB R.M.S. output — especially 
; constant light and heat. 


$0) 
2 EWM ARK if 


GENERAL SPECIFICATIONS— 
230 volts RMS + 1% output 
for mains variation of 190 volts 
— 260 volts + 15%. 4 ratings: 
150, 250, 500, 1000 watts. 
Our designers can offer advice 
on non-standard applications. 


e Write for our new 
catalogue. 


AUCKLAND TRANSFORMER CO LTD. 


20 EDEN Fi bel "as <p a BP NEWMARKET, AUCKLAND 
PHONES 51-307, 549-280, 544-126 TELEGRAMS “TRANSFORMA” 
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sulting from its design and manu- 
facture. They are often called “in- 
herent errors’; their reduction 
either increases the price of the 
instrument or is impossible for 
technological reasons. 

Some manufacturers of instru- 
ments merely state these inherent 
errors; their data sheets are thus 
concise and show low error values, 
giving a good advertisement of the 
product. However, this method 
only serves those customers who 
are lucky enough always to work 
under the nominal conditions. 

The error variations due to ex- 
ternal influences (“additional 
errors’), which are typical of the 
instrument performance in the 
whole range of application, can 
under certain circumstances also be 
kept smaller in instruments of a 
higher price category. The manv- 
facturer should at least know them. 
If, as the standardizing bodies pro- 
pose, he publishes them, thereby 
undertaking a guarantee, his test 
methods become more expensive 
and the data sheets more lengthy 


- 
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and complicated. The inexperienced 
customer, not to mention the tech- 
nically untrained purchasing clerk, 
may be discouraged by the multi- 
plicity of restrictive specifications 
and see the instrument in an un- 
favourable light. On the other 
hand, a highly detailed data sheet 
enables the expert to weigh up the 
influences and judge which of them 
he has to allow for and which he 
may neglect since he either will 
not encounter them or can suppress 
their effect by voltage stabilization, 
temperature control, etc. The more 
careful the customer is in making 
a purchase, the more he will wel- 
come every detail and place confi- 
dence in an offer that gives this 
information beforehand. 

Many companies make every 
effort to comply with international 
standards as soon as they are 
adopted and published, but do not 
conceal the fact that the introduction 
of classes as used for electrical mea- 
suring instruments, which is being 
discussed in various circles, is con- 
sidered unsuitable for electronic 


Annual Convention:- 


AUCKLAND V.H.F. GROUP 


The Auckland V.H.F. Group (Inc.) 
held its 6th Annual Convention at 
the Museum of Transport and 
Technology during the weekend of 
23rd and 24th April. -62 people 
from all over the North Island 
attended the full weekend, whilst 
a number of others attended for 
part of the time. One very pleasing 
feature was the large number of 
women attending and participating 
in both the technical and _ social 
functions. 

The weekend commenced with 
a social evening on the Friday night. 
The Saturday morning dawned fine 
and the first activity for the day 
was a mobile rally in which 12 
radio equipped cars took part, 
covering a course of nearly 50 miles 
through the northern side of Auck- 
land. The V.H.F. Group’s official 
radio station ZL1BQ participated in 
this event acting as a Control and 
Monitor station, and was equipped 
with a 


high frequency decade 


counter and other equipment for 
checking the mobile stations whilst 
tape recordings were also made for 
replay later. 

After luncheon, the Convention 
was Officially opened by the Presi- 
dent of the Group. The two official 
guests who were to deliver the 
afternoons’ lectures were intro- 
duced. The first of these “The 
Phenomenon of Scattering of Radio 
Waves in the lonosphere and Tropo- 
sphere” was delivered by Dr. H. A. 
Whale, Director of the Radio Re- 
search Centre, University of Auck- 
land. After afternoon tea Mr. K. 
Shankland of Pye Telecommunica- 


tions Ltd., described techniques, 
and displayed some equipment 
used with 450 mc/s. telemetry 


systems. 

The evening began with cocktails 
followed by an excellent dinner. 
The rest of the evening took the 
form of a social with the presenta- 
tion of various prizes, the mobile 


measuring instruments. According 
to this proposal, all inherent errors 
of an instrument in a given class 
should remain within given limits 
which are interdependent and all 
the additional errors due to external 
influences should not exceed these 
values either. 

Such a system tends to favour 
and cultivate instruments in which 
all characteristics | harmoniously 
agree with each other and therefore 
seems beneficial at first glance. But 
to fix the relation between all pos- 
sible inherent errors and external 
influences involves serious risks, 
above all in an economical respect. 
A single error exceeding the class 
limits, however unimportant it may 
be in most applications, sends the 
instrument into a lower class. The 
elimination of this error for the 
sake of a better classification may 
cost a lot of money and increase 
the price unnecessarily. Owing to 
this systemization, data standardiz- 
ation, intended to help the buyer of 
equipment, would have the contrary 
effect and become a hindrance. 


rally awards, trophies and cer- 
tificates for the 1965 V.H.F. Field 
Day. A special award sponsored by 
Messrs. Amalgamated Wireless 
(Aust.) N.Z. Ltd., for meritorious 
work on the V.H.F. bands, was pre- 
sented to lan Sterling ZLIAGU. Dr. 
Whale and his wife presented these 
awards and trophies. 


The Sunday morning activities 
took the form of a Technical and 
General Forum to discuss matters 
pertaining to V.H.F. work, and it 
was generally agreed that more 
time could have been devoted to 
this section. At midday the official 
part of the activities concluded but 
the Sunday afternoon was taken up 
by visits arranged to the Electronic 
and Radio-Radar installations at 
Whenuapai Aerodrome (by the kind 
rermission of the R.N.Z.A.F.) and 
the recently completed studios and 
control rooms of AKTV2 (by the 
kind permission of N.Z.B.C.). 


Everyone who attended registered 
their appreciation of the work of all 
those who contributed to making the 
convention the success it was, and 
voiced the hope that a_ similar 
function would be held in 1967. 


34 - RADIO, ELECTRONICS AND COMMUNICATIONS Ist JUNE, 1966 
ENQUIRY CARD AD. 12 


_ focus on our agencies 


’ 


One way to perform a low-frequency study A better way from Sierra 


Our basso profundo solos confidently through a rough harmonic 
passage in the certain expectation of success. How can you 
be equally sure to rate curtain calls with your low-frequency 
signal studies? One sure way is to call for an obbligato from 
Sierra’s new Model 301A wide-range, low-frequency wave 
analyzer. 

Model 301A provides continuously tunable coverage of 
20 Hz to 100 KHz, with direct numerical readout to the 
nearest 10 cycles, and 2 Hz interpolation marks. Frequency 
accuracy is 0.1% at 100 KHz. Dual selective bandwidths of 10 
and 100 cps keep you in control of signal-to-noise, with AFC 
holding unstable signals within the 10 Hz filter bandpass. 
Price of £1072/6/3 duty paid, delivered, is designed to fit 
the passband of your budget. 

You'll also find Model 301A well-versed in performances 
as a tracking signal generator and as a selective voltmeter 
with restored signal output. Call or write Sample Electronics 
for further details. 


Increased frequency range (DC18Gc) in Weinschel precision fixed attenuators . . . 


Models 1 and 2 precision fixed coaxial attenuators feature 
a new patented design principle, plus new film and connectors 
which make them amazingly flat, stable, even after overloads 
of power or during variations in temperature. A semi-precision 
modified Type N connector that can be mated with existing 
Type N connectors in your system extends use up to 18 Gc. 
Absolute broadband accuracy of 5% in db includes deviation 
from nominal, calibration error, and frequency sensitivity. 

Both Model 1 and Model 2 have a frequency range of 
DC to 18 Gc, with relaxed VSWR and accuracy for the 12.4- 
18 Ge portion of the Model 1’s range. Accurate insertion loss 
values at 6 frequencies are individually calibrated and stamped 
on attached nameplates. These attenuators are ideal for ex- 
tending the range of power meters and similar instruments, 
in applications requiring isolation between RF components, 
and for systems use. The Model 1 and 2 Attenuators are also . 3 4S 6 8) TW a3 1415 16 1718 
available miniaturized with OSM connectors and the same en ‘ 
specifications as with our new Type N connectors. 

Full specifications available from Sample Electronics. 
Prices: Model 1 £43/0/0 Model 2 £67/3/9 Duty-paid. 


WE ARE SOLE AGENTS FOR: 


BOONTON RADIO COMPANY (U.S.A.) A/S DANBRIDGE (DENMARK) DATAPULSE INCORPORATED (U.S.A.) 
DECKER CORPORATION (U.S.A.) ; DU MONT LABORATORIES (U.S.A.) DYMEC INCORPORATED (U.S.A.) 
EITEL-McCULLOUGH INC. (U.S.A.) ELECTRONIC MEASUREMENTS CO. INC. ELECTRO SCIENTIFIC INDUSTRIES (U.S.A.) 
FAIRCHILD INTERNATIONAL JOHN FLUKE MNFG. CO. INC. (U.S.A.) HARRISON LABORATORIES 
HEWLETT-PACKARD ASSOCIATES HEWLETT-PACKARD COMPANY (U.S.A.) HOLT INSTRUMENT LABORATORIES (U.S.A.) 
KEITHLEY INSTRUMENTS INC.., (U.S.A:) MELABS (U.S.A.) ; MICA CORPORATION (U.S.A.) 
MIKROS INCORPORATED (U.S.A.) F. kL. MOSELEY COMPANY (U.S.A.) NESCO INSTRUMENTS INC (U.S.A.) 
NUCLEAR CHICAGO GEORGE A. PHILBRICK RESEARCH INC. RADIO FREQUENCY LABORATORIES (U:S.A.) 
RADIATION INSTRUMENT DEVELOPMENT SANBORN COMPANY (U.S.A.) S-E LABORAORIES LTD..(ENGLAND) 
LABORATORIES INC. (U.S.A.) — TALLY CORPORATION (U.S.A.) TECHNICAL RESEARCH GROUP INC. (U.S.A.) 


at lower prices! 


CHARACTERISTIC CURVES OF MODELS 1 AND 2 


INSERTION LOSS (DB) 


SAMPLE ELECTRONICS (N.Z.) LTD. SERVICE AND 
8 MATIPO STREET, ONEHUNGA., S.E.5. AUCKLAND, NEW ZEALAND FACILITIES 


TELEPHONE 567-356 AVAILABLE 
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RELIABILITY OF ELECTRONIC 
COMPONENTS 
by C. E. Jowett,, 165 pp (illus.) 
Publ. by Iliffe Book Ltd., London 

This book is more in the way of 
a review of the subject rather than 
an exposition of a new form of 
component reliability. It is» care- 
fully written and covers most com- 
ponents found in electronic equip- 
ment but leaves virtually untouched 
mechanical hardware and metallic 
chassis work. 

An appreciable part of the text 
deals with the specifications and 
characteristics of components and 
is, thus, a valuable source of in- 
formation; this is especially the case 
in this country where the obtaining 
of information from agents is a 
difficult job. 

The effects of environment are 
briefly dealt with, usually in each 
chapter, and it is here that a more 
detailed approach to the subject 
would be welcome in that the 
author could have presented us 
with specific advice on this most 
important aspect of reliability. 

It is unfortunate that the oppor- 
tunity was not taken to discuss the 
effects of “running to the limit” 
and the degradation of reliability 
when this is done. The effect of 
say, temperature, on the life of 
transformer winding wire (for in- 
stance) is important when short life 
equipment is being designed. The 
book has a minimum of formulae 
or mathematics and as the probabil- 
ity of failure needs mathematical 
treatment we must assume the 
author intended this volume should 
be welcome where mathematics is 
not — in production and service 
departments. C.W.S. 


TRANSISTORS FOR TECHNICAL 
COLLEGES 

by L. Barnes, 194 pp (illus.) 
Publ. by Iliffe Books Ltd., London 

This essentially practical book is 
not only ideal for students at tech- 
nical colleges and _ institutes but 
should find interest among older 
engineers seeking a background in 
transistor work. 

Of seven chapters five are de- 
voted to the transistor in service. 
The first chapter deals with the 
basic transistor as a diode and 
double diode form and the final 
chapter has a useful collection of 
experiments. 

The practical slant of Mr Barne’s 
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BOOK 
REVIEWS... 


text is emphasised by his use of 
the OC71 transistor in examples 
and text. Chapters two and three 
cover, in some 40 pages, the basics 
of gain leakage and internal resis- 
tances in practical circuitry and then 
carry on with the three forms of 
amplifiers with three practical de- 
sign examples in some detail. T cir- 
cuits and h parameters are then 
dealt with for low frequency cir- 
cuits .and the fifth chapter 
covers high frequency effects and 
limitations due to transistor char- 
acteristics and this is followed by 
a full chapter handling the transistor 
as a switch. 

The final chapter of 12 experi- 
ments starts with an experiment on 
transistor diode characteristics, then 
handles the static characteristics. 
The following experiments deal 
with the transistor as amplifiers, 
oscillators and multivibrators. These 
experiments make this section par- 
ticularly useful for students study- 
ing at home or by correspondence 
who want to confirm textural sub- 
ject matter by personal experiment. 

The book relies upon a familarity 
with standard theorems and 
methods such as apply to load lines 
and networks but as it is probable 
these would be understood by the 
reader the superficiality of explana- 
tion in the aid of clarity of result 
and practicality is warranted. 

Few errors were noticed and 
these were obvious and did not 
detract from the explorations or 
results given. Although not in- 
tended for the advanced student or 
worker some more recent, and very 
practical, advances in_ transistor 
production such as silicon and com- 
plementary transistors receive scant 
mention and detract a little from 
the aims of practical circuit design 
as some of these newer transistors 
make circuit design considerably 
easier. Whilst not quibbling with 
the choice of the OC71 for illustra- 
tive purposes in the text (it is, after 
all, extremely cheap and easily 
obtainable) circuit comparison with 
a modern low noise silicon type 
would have been a useful recog- 
nition of advances in the art of 


design. 

Nevertheless, this is a book that 
we thoroughly recommend because 
of its practical approach and easy 
to follow text. Whilst intended 
for technical students it would be 
ideal for the keen amateur or valve 
educated engineer wanting to get 
a grasp on transistor design. C.W.S. 


BEHAVIOR OF METALS UNDER 
IMPULSIVE LOADS 
John Pearsons, 247 pp 
John Pearson 
Pub. Dover Publications, Inc., 
New York 

This book contains a very general 
survey of present knowledge. The 
topics covered in the bibliography 
are even more wide-ranging. The 
authors build up a good physical 
picture of impact phenomena by 
describing a large number of tests. 
Mathematical treatment is kept to 
a minimum and this avoids distrac- 
tion from the main line of physical 
argument. The result is a very read- 
able book which achieves its aim of 
giving a general understanding of 
the current state of the subject, 
which is evidently progressing 
rapidly with much urgent work 
still required. The importance of 
this field is increasing as the main 
emphasis moves from ballistics to 
metal forming. The book is of 
value to anyone who wishes to ob- 
tain a general picture of this grow- 
ing field. R.LS. 
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SUPPRESSION 


OF APPLIANCES 
AND EQUIPMENT 


Mr. Appliance Manutacturer 
Mr. Dealer — 

We specialise in this tield and 
manutacture a tull range of interference 
suppressor inductors for use both 
internally and externally on equipment, 

Line cord tilters are also available 
in 1, 32 and © amp. 

Write for illustrated booklet 


Inductance Specialists ::. 
Cameron Rd. South, Greerton, Tauranga 


RADIO, ELECTRONICS AND COMMUNICATIONS 


MECHANICAL DATA: 


Life Expectancy 


Case, Cover & Arm 
Boss Shaft 
std Length 


Mounting 


Contacts 
Winding strip 


Rotation (Mechanical) 
(Electrical) 

Starting Torque 

End stop 

Lubrication 


ELECTRICAL DATA 


Resistance Range 


Tolerance 


Linearity tol. 

Power Rating 

Insulation Shaft to Wiper arm: 
Between terminals: 


We welcome your enquiries which will receive our prompt attention. 
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New appointment 


We are proud to advise that we have been appointed as sole N.Z. agents of 


A. G. Naunton & Co. Australia 


Makers of fine wirewound potentiometers and controls already used by N.Z. 
manufacturers. These fine products have been proved by their reliability, accuracy 
and excellent construction. 

Made in a large range of wattages they can be supplied in single and in ganged 
types, 2 watts, 5 watts, 10 watts, 80 watts. 

2 watt stocked in large variety of values — other wattages quickly available 
from factory on request. 


2 Watt 5 Watt 10 Watt 
all 500,000 revolutions standard, unlimited 
with special contacts etc. 
Nylon 6 Nylon 6 Nylon 6 
3”’ diam brass 4’ NP Brass NP Brass 
Qi 13" 132 
can be supplied any length reqd. 

8” diax 32 TPIx 8 long 2 ext lugs 2 holes 


2% centres 
tapped 3/16’ whit 


3” dia holes 
21” centres 
Silverplated Brass 
“A” grade bakelite 


and “K"” Grade bakelite 
Glass filled nylon 
270° 290° 338° 
266° 270° 317.5° 
3 oz inches 3,3 oz inches 3 oz inches 
12 |b inches 15 |b inches 15 |b inches 


Silicon oil or grease 


+ ohm to 100K 1 ohm to 500K 1 ohm to 1 meg 


linear only linear linear 
1 ohm to 300k 1 ohm to 500k 
3-1 taper 4-1 taper 
1 ohm to 200k 
4-1 taper 
.25 ohm to 50 ohm + 5% all + 5% 


+ 10% 

50 ohm to 100K + 5% 

special order + 2% special + 1% special + 1% 
within 1% 5Yo 5% 


whole element 2 watt 5 watt 10 watt 
3000v DC 3000v DC 3000v DC 
1500v DC 2000y DC 2000v DC 


Remember the service — 
the factory is just across the Tasman. 


DISTRIBUTED BY: 


P. H. ROTHSCHILD & CO. LTD. 


P.O. BOX 30-170 LOWER HUTT 


83 PRETORIA STREET TELEGRAMS “FRANDS” 
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New Products 


TEST AND MEASURING 
EQUIPMENT 

Electronic test and measuring equip- 
ment is the primary line of Nordmende, 
a new agency of P. H. Rothschild & Co. 
Ltd. The Nordmende plant at Bremen, 
Germany has developed its complete 
range to meet exacting standards.  In- 
struments are stated to be well-designed, 
dependable, easily handled and tran- 
sported. An excellently balanced range, 
with a variety of accessories makes ap- 


NORDIMENDE 


plication for many special purposes pos- 


sible. Instruments include oscilloscopes, 
sweep and signal generators, unbalanced 


attenuator boxes, vacuum tube voltmeters, 


tuner test generators, electronic switches, 
grid bias units, spectrum analysers, re- 
sponse curve indicators, television moni- 
toring units and a wide range of acces- 


sories. 
ENQUIRY 319 
* * * ? 


GLASS FIBRE PRINTED WIRING 
BOARD ‘s 


Glass fibre p.w. board is available 
from stock, in Wellington. This glass 
fibre board is made by the Taylor 
Corporation, U.S.A. and is available in 
a standard sheet size of 36” x 48” and 
in a standard thickness range. 

At present the only grade normally 
stocked’ in 4’ x 3’ sheets is GECSOOE. 
This grade has 1/16 inch thickness board 
coated on one side only with 2 oz. 


copper foil. 
ENQUIRY 315 


* * * 


STATIC ELECTRICITY DETECTOR 

Detection of static electricity that exists 
between improperly grounded or bonded 
objects is the task of the Sweeney SWE 
1125 static meter. The operator holds 
the static meter in one hand and touches 
its tip to the object under’ test. With 
his other hand he grasps the ground 
lead or bonding connection to make a 
circuit. A trigger switch activates the 
indicator. There are no digital or in- 
cremented readings to interpret or con- 
vert. A green and red dial shows whether 
good grounding or bonding has been 
accomplished. It is impossible to obtain 
a green (go) reading if the instrument 
is faulty. The instrument has a self- 
contained power source and requires no 
other instrumentation or wiring. If the 
indicator moves to the red (no go) region 
the object is unsafe and the position of 
indicator (right or left of centre) desig- 
nates the polarity of the charge accumu- 
lation on the object being tested. Agents 
in N.Z. are P. H. Rothschild and Co. Ltd. 


ENQUIRY 318 _ 


* * * 


SOLAR ENERGY FOR 
RADIOTELEPHONE SYSTEM 


The sun’s rays have been harnessed 
to provide electricity for a motorway 
emergency radio-telephone system in 
Ghana. Supplied by a British electronics 


firm, the equipment is thought to be the 
first of its type to utilise solar energy. 

Installed alongside 12 miles of motor- 
way, the telephone network is said to 
show a substantial saving in both capital 
and installation costs over more con- 
ventional systems. 

Five pairs of telephone boxes are 
spaced at two-mile intervals along the 
motorway and are connected to fully 
transistorised radio terminals which con- 
sume only one watt of power when in 
use. 

The sun’s rays are collected through 
a panel.of cells, mounted — with the 
radio terminal, its batteries and a charge 
regulator — on a 40 ft. high mast topped 
by a directional aerial. Power output of 
the transmitter is about one third of a 
watt. 

The terminals of the system are con- 
nected to each other by a separate ex- 
clusive radio telephone link. 

A motorist in trouble can contact a 
terminal simply by entering a call box 
and lifting the telephone handset. Im- 
mediately, he is given exclusive com- 
munication with the terminal and no one 
can interfere with his call. As there 
is no need for the controller in the 
terminal to call motorway boxes, this 
facility is not provided. 

The low call-rate, the one-way calling 
system and the low power requirement 
of the system make the use of solar 
energy chargers for the nickel cadmium 
batteries a feasible proposition in suit- 
able latitudes and locations, say the 


makers. 
ENQUIRY 316 


* * * 
PRECISION DRIVES 
The new G.80 slow-motion drive meets 
the stringent specification of the British 
General Post Office for drives for tuning 
radio and communications receivers. It 


comprises a 10:1 friction drive and an 
8:1 gear drive in series, giving an overall 
reduction ratio of 80:1. 

The friction drive consists of two 
phosphor-bronze discs gripping a small 
steel flange on the input shaft; this 
arrangement eliminates lost motion but 
slips under excessive torque to protect 
the unit from damage. Lost motion 
in the gear drive is prevented by using 
twin gear wheels sprung against one an- 
other to grip the pinion firmly. Dimen- 
sions of the drive are 2 in. x 2 5/16 in. 
frontal area by 5/8 in. deep. 


Another precision drive, intended for 
commercial radio receivers, is the 6/36 
which consists of two epicyclic ball-drive 
units in series, the second restricted to 
300° of angular movement, after which 
it transmits direct drive. This enables 
the output shaft to be moved rapidly, 
at 6:1 ratio, to an approximate position, 
then reversed at 36:1 ratio to the exact 
position required. The drive is supplied 
complete with pointer, scale and escut- 
cheon in modern style. 

ENQUIRY 323 


pest haaetnt sss 


Location of leak (in this instance 77’ 5” up toll telephone duct in Burlingame, 
California) is determined by craftsman, who notes intensity meter and characteristic 


hissing sound on earphones. 


Surlyn “butterfly” on aluminium rods holds coaxial 


cable firmly in slot and guides transport in duct. This Delcon instrument is represented 


in N.Z. by Sample Electronics. 


ENQUIRY 322 
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For your electronic requirements 


Full range of Picture & Receiving Tubes 
TV Kitsets 


TV Components 


AWA Transistorised |itame: : = 

Power Supplies _ oS Lg stat 8 Co-axial Plugs, Sockets 
2 SD & Components 

ay Cee Co-axial & Multicore 

DY | Cables 


Communications 
Equipment 
Hi-Q Coils 


LEBE 
Complete 
Range of 
Test & 
Measuring 


Instruments 


Specialised Transmitting 
Tubes & Components 


ig C =; One of the largest ranges 
AWA Hi-Fi & Public Address Fag oh oe tna) CONGUE EONS tae 


AWA “offers full technical 


Audio Equi 
bapieis iettesk Seis back up & Directory Service. 


Full information and after sales service from all AWA Branches. 


AMALGAMATED WIRELESS (AUSTRALASIA) NZ LTD. °° *Ficne ass" 


PO Box 1363 PO Box 2084 PO Box 932 PO Box 1026 PO Box 467 PO Box 1055 
Auckland Christchurch Palmerston North Dunedin Invercargill Whangarei 
Tel. 10-129 Tel. 62-158 Tel. 83-671 Tel. 88-058 Tel. 89-777 Tel. 82-189 
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STATIC MONITOR 


The Sweeney SWE 1145 static monitor 
automatically gives visual and audible 
alarm when preset static voltage is de- 
tected —- without the sensing probe 
being in contact with the measured 
source. It continuously monitors effec- 
tiveness of existing static control devices 
and displays quantitative measurement 
of negative and positive static voltage. 


It is designed for use in any area 
where the possible build-up of static 
voltage is of concern, e.g. hospital oper- 
ating rooms, fuel storage and handling 
areas, mining and construction operations 
and manufacturing industries such as 
textiles, explosives, plastics and printing 
and processing of paper. 

The unit consists of a sensing probe 
and a separate meter and alarm system. 
The probe is contained in an explosive 
proof housing and is electrically con- 
nected to the instrument by conduct. 


The probe can be located anywhere 
from 1 - 10 ft. from the object. It will 
detect static changes on stationary or 
moving equipment, personnel or material 
in the region of its outward electric 
field, thus checking the effectiveness of 
devices used to neutralise static changes. 

For convenience of controls and dis- 
play the instrument is located elsewhere. 
The probe will detect charges as low as 
10 volts at close proximity to the object 
and will respond with reduced sensitivity 
to charges more distant that 6 ft. 

To meet requirements where static 
voltages commonly occur at levels of 
thousands of volts, probe sensitivity can 
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be reduced by a sliding electrical shield. 
Fully extended, the slider provides a full- 
scale read-out for 20 KV _ of static 
approximately 2 ft. from the probe. The 
probe is 7 in. long, base 4 in. dia. with 
weight of 3lb. Height of the instrument 
is 8 in., width 103 in., depth 8 in., and 
weight 5 Ib. 

ENQUIRY 314 


* * * 


CRYSTAL-CONTROLLED TIME- 
MARK GENERATOR 


A new crystal-controlled, wide-range, 
time-mark generator, Type 184, has been 
announced by Tektronix, Inc. Unique in 
having a 500 MHz output, the Type 184 
provides 16 marker intervals, 5 sine- 
wave frequencies, and 7 trigger-pulse in- 
tervals. All but the 2-ns and 5-ns sine 
waves are selected by pushbuttons; the 
2-ns and 5-ns sine waves are selected 
by a lever switch. 

Marker pushbuttons are self cancelling, 
so that when any marker is pushed, 
other buttons are automatically released. 
Markers up to 2 decades apart may be 
stacked by pushing the desired buttons 


simultaneously. Triggers are time- 
coincident with the corresponding 
markers. 


The Type 184 is transistorized, plus 6 
nuvistors, and is frequency controlled by 
a temperature-stabilized 10-MHz crystal 
oscillator. Long-term stability is 3 ppm/ 
24 hours. ; 

Positive-going markers are provided 
from 100 ns to 5s in 1-5-10 sequence, 1- 
volt minimum amplitude into 50 ohms. 
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Marker amplifier output provides posi- 
tive or negative going markers with 14 
intervals of lus to 5 s in 1-5-10 sequence, 
25-volt minimum amplitude into 1000 
ohms. 


Sine-wave outputs include 2 ns, 5 ns, 
10 ns, 20 ns, and 50 ns signals. Trigger 
output provides positive going pulses 
with 7 intervals of 1 us to 1 s in 1-10 
sequence, 0.4-volt minimum amplitude 
into 50 ohms. The Type 184 is only 
6” high, 9” wide, and 15” deep. Weight 
is approximately 15 pounds. 
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* * * 


C-BAND FERRITE CIRCULATORS 

A pair of C-band ferrite circulators 
for high power applications has been 
developed by Raytheon Company. The 
CCH13 has a frequency range of 5700 
to 5900 megacycles. Peak power is 150 
kilowatts while average power (based 
on 2:1 mismatch) is 2.7 kilowatts. Isola- 
tion is 25 db minimum for ports 2 to 1 
while other paths offer 20 db minimum. 
Maximum VSWR is 1.15. 


Operating in a band between 5400 
and 5900 megacycles, the new CCH14 
can handle peak powers to 1.6 mega- 
watts and average power of 10 kilo- 
watts. Isolation is 20 db minimum and 
VSWR is 1.20 maximum. Each of the 
Raytheon assemblies is 23.25 inches long 
and is fitted with CPR-137F flanges and 
WR-137 waveguide. Insertion loss for 
the circulators is 0.5 or less. 
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AUTOMATIC CONTROLS 
An American company is producing 
simple, accurate and reliable electronic 
devices to control air conditioning and 
heating systems. They feature solid 
state controllers, actuators with only 
one moving part and are applied to 
valves, dampers and auxiliary equipment. 
The design is said to reduce maintenance 
costs. ENQUIRY 326 
* * # 
CLOSED CIRCUIT TV 


An attack on the expanding closed 
circuit television market is being made 
with the introduction of a new range 
of transistorised equipment. It includes 
a rugged, low-cost, fully transistorised 
vidicon camera and two monitors 
an 1l-in. transistorised monitor and a 
19-in. video monitor. The system has 
a standard of definition claimed to be 
higher than that of a domestic television 
set. 

A range of associated equipment is 
available for simple one camera/one 
monitor or complex multi-camera instal- 
lations. Of small size and light weight, 
the camera is easy to conceal and can 
be used in places inaccessible to many 
other cameras. 

Another feature of the camera is that 
all its circuits are contained in three 
plug-in modules which enable on-the-spot 
servicing to be carried out in minutes 
by unskilled personnel, simply by plug- 
ging in a replacement circuit module. 

This closed circuit television system 
gives definition and facilities comparable 
with those of any general purpose 
system currently available and at a price 
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midway between that of high and low 
cost systems. 

Particular attention has been paid in 
the design of the equipment to the need 
for rugged construction. The camera 
body and cover are of aluminium alloy 
and the camera has automatic sensitivity 
control over a range of 1000:1.  Elec- 
trical focus is pre-set and stabilised; op- 
tical focusing is adjusted by a rear- 
mounted focusing knob. A wide range 
of lenses may be fitted. 

The equipment has already been or- 
dered for applications in traffic control 


and civil engineering in Britain. 
ENQUIRY 325 
* * * 


DUAL CAPACITY LOAD CELL 


The Sentronic Division of the Thwing- 
Albert Instrument Company, represented 
by W. & K. McLean Ltd., has announced 
the development of its new Duocell, a 
dual capacity load cell. 

The Duocell features, for the first time, 
a dual capacity unit which provides two 
load cells within a single housing. Ratios 
between lower and upper ranges within 
the cell can be expanded as much as 
5 to 1. Each range provides a 3 millivolt 
per volt output signal at rated capacity. 
In this manner the load cell is capable 
of producing a higher output signal at 
the lower range. 

The Duocell is a new concept in load 
cell design that maintains precision tem- 
perature compensation and 0.1% accurac- 
ies at each range. Combinations of 10 and 
50 pounds to 40,000 and 200,000 pounds 
can be supplied to meet customer require- 
ments, 
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The cell is also available in double 
bridge configurations, thereby producing 
signals 


two matched for each rated 


capacity. 


The multi-purpose Duocell saves time 
and effort normally expended in chang- 
ing from one load cell to another. In 
addition to these salient features, costly 
ancillary equipment is eliminated due 
to the higher output signal at the lower 


range. 
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FROM THE COMPREHENSIVE RANGE OF 
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A.C. Millivoltmeter 


Voltage ranges 0-001, 0-003, 0-01, 0-03, 0-1, 
0-3, 1, 3, 10, 30, 100, 300V F.S.D. Frequency 
range 15c/s to 4-5Mc/s. Accuracy +3% F.S.D. 
15c/s to 2Mc/s, +(8% + 3% F.S.D.) 2Mc/s 
to 4:5Mc/s. Accuracy +(8% + 3% F.S.D.) 
2Mc/s to 4°5Mc/s. Accuracy +2dB. /nput 
impedance 10M, 20pF (approximately 60pF 
using lead PL50 supplied. Lead PL45 is 
available as an accessory with 10: 1 capacity 
divider fitted). Stability +1% for supply 
variations between 105 and 125V or 210 and 
250V (15c/s to 2Mc/s). Less than 1:5% at 
100V and 200V. Non-sinusoidal operation 
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millivolimeters & 
iransistor tester 


Readings close to r.m.s. values are given 
even when the harmonic content of the 
input is high. Amplifier Gain 60dB maximum 
in 10dB steps. Maximum output 1V r.m.s. 
Frequency response +2dB, 12c/s to 200kc/s. 
Response from 200kc/s to 5Mc/s depends 
on load. Output impedance 15002 approxi- 
mately. Power requirements 100 to 125V, 

200 to 250V, 50 to 60c/s, 30W. Dimensions 
8Zin (23cm) wide x 6}in (17cm) high x 

5Lin (14cm) deep. Weight 7|b (3-2kg). 


Battery-operated Transistorised A.C. Millivoltmeter 


Voltage ranges 0-001, 0-003, 0-01, 0-03, 0-1, 
0-3, 1, 3, 10, 30, 100, 300V. Overload protection 
Protected for inputs up to 400V peak on 
0-3V and higher ranges, and for 100V r.m.s. 
on 0:1V and lower ranges. Frequency range 
1c/s to 1Mc/s. Accuracy +3% F.S.D. /nput 
impedance 2MQ shunted by approximately 
30pF. Temperature range 0 to +45°C. 


Noise Less than 50uV referred to the input, 
when terminated in 47kQ or less, on the 
0-001V range. Residual reading less than 3%, 
of F.S.D. on all other ranges. Dimensions 
8Zin (22:5cm) wide x 63in (16:5cm) high x 
5Lin (14cm) deep. Weight 6-6lb (3kg). 


i 


Transistor Tester 


Battery operated for testing p.n.p. or 

n.p.n. transistors in situ. 

Current gain (Beta) 10 to 100, 50 to 500. 
Accuracy with transistor out of circuit, 
+5%; with transistor in circuit, dependent 
on base shunt circuitry. Set current Nomin- 
ally 1 to 50mA (dependent on shunt circuit). 
Balance Shunt collector circuits of greater 
than 1002 can be balanced out by the 
instrument. Leakage current measurement 


(grounded emitter |'co) 0 to 100uA and 0 to 
1mA, with transistor out of circuit. Diode 
measurements Reverse leakage measurement 
as for I'co. With 10mA of forward current, 
meter will indicate voltage drop across diode 
OA LE SSHBDE 


Dimensions 8Zin (22:6cm) wide x 6$in 
(16-5cm) high x 5$in (14cm) deep. 
Weight 6ilb (3:1kg). 


ADVANCE ELECTRONICS LIMITED ENGLAND 


Sole New Zealand Representatives 


TURNBULL & 
Auckland Wellington 


JONES LTD. 


Christchurch Dunedin 
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R98 T.V. POWER TRANSFORMER 


For R.T.V. & H. 1959 and later T.V. Sets. 
Delivers 260v @ 300mA D.C. Full wave volt- 
age doubler. 
230:115v A.C. @ 300mA D.C. 
:12.6v C.T. @ 5A (2 windings ea. 6.3 @ 
5A). 
:0O—6.3—7.5—9 @ .6A. Picture tube wind- 


ing. 
Choke:—C36. Use 400v P.I.V. Diodes. 


R103 Stereo Power Transformer 


R.T.V. & H. Aug. 60. 7w Stereo. 

230:245v @ 150mA. D.C. 
:104v @ 150mA D.C. Voltage doubler Rect. 
«6.3v C.T. @ 5A. 

Choke:—C42. Use 400v P.I.V. Diodes. 


R104 Stereo Power Transformer. 10w 


320v @ 320mA. Voltage doubler Rect. 
230:130v @ 320mA. 

:6.3v @ 6A. 
Choke:—C49. Use 500v P.I.V. Diodes. 


R105 T.V. Power Transformer For Philips T.V. 
Kitsets 


220v @ 420mA D.C. Voltage Doubler Rect. 
230:106v @ 420mA D.C. 
:6.3v @ 10A. 
:0—6.3—7.5—9 Ov @ 0.3A. Picture tube 
Winding. 
Choke:—C45. Use 400v P.I.V. Diodes. 


R106 T.V. Power Transformer for Philips T.V. 
Kitsets 


This type similar to R105 but less Picture 
Tube boost taps. Main Fils. 12.6v C.T. @ 5A. 
220v @ 420mA D.C. Voltage Doubler Rect. 
230:106v @ 420mA D.C. 

:12.6v C.T. @ 5A (2 windings 6.30v @ 5A 

each). 

:6.3v @ .3A Picture tube winding. 
Choke:—C45. Use 400v P.I.V. Diodes. 


| SILICOW DIODE POWER TRANSFORMERS 
4 AVAILABLE FROM BEACON RADIO LTD. 


R108 Small Stereo Headphone Power 
Transformer 


250v @ 22mA D.C. 

230:110v @ 22mA D.C. Voltage doubler Rect. 
:6.3 @ 0.86A. 

Choke:—C41. Use 400v P.I.V. Diodes. 


R110 T.V. Power Transformer. For Philips T.V. 
Kitsets 


This transformer uses full wave bridge recti- 
fier. Requires no limiting resistor unlike 
equivalent voltage double types, also has ad- 
vantage of no insulated capacitor and lowe) 
ripple output with smaller choke. 
Output 220v @ 420mA D.C. J 
230:172v @ 420mA D.C. Full wave bridge 
Rect: 
ae C.T. @ 5A (2 only 6.3v winding @ 
5A). 
:6.3v @ .3A Picture tube winding. 
Choke:—C50. Use 400v P.I.V. Diodes. 


R111 T.V. Power Transformer 


Similar to R110 but for R.C.A. type Kitsets. 
260v @ 350mA from Rect. 
230:207v @ 350mA D.C. Full wave bridge 
Rect. ‘ 
:12.6v C.T. @ 5A (2 only 6.3v windings 
each 5A). 
:6.3v @ 0.6A. Picture tube winding. 
Choke:—C42. Use 400v P.I.V. Diodes. 


R112 Oscilloscope Power Transformer 


R.T.V. & H. 1963. Calibrated. 
230:110v @ 80mA D.C. Full wave voltage 
doubler. 
:6.3v @ 2.4A. 
:6.3v @ 1A. 
:6.3v @ 1A. 
Use 400v P.I.V. Diodes. 


BEACON RADIO LIMITED 


Corner Brown and Fitzroy Sts., Ponsonby, Auckland. P.O. Box 2757. Telephone 12-168 (5 lines) 


